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ACTUALLY 3 SPRINGS IN ONE! 


As shown in this enlargement, the 
tri-coil spring is composed of 3 inte- 
grated coils. The spring's amazing 
strength and durability are the re- 
sult of this triple-coil design. 


HEAVY-DUTY OIL RING WITH 


TRI-COIL 
OFFSET SPRING 


solves tough oil control problems— 
and only Perfect Circle has it! 


Exclusive new Perfect Circle tri-coil spring 
has maximum area of contact with the ring 
all the way around—provides more uniform 
pressure than an ordinary hump-type ex- 
pander. This results in higher cylinder con- 
formability with less friction. 

And, the stainless steel spring is offset in 
a channel next to the ring slots, rather than 
being directly behind them. Ventilation is 
greatly increased, and clogging of the ring and 
spring is reduced to a minimum. 

Heat stability and easy installation are two 
more of the many more outstanding features 
of the new Perfect Circle OS 89. Get complete 
information from your Perfect Circle repre- 
sentative today! 


PERFECT /. CIRCLE 


PISTON RINGS + PRECISION CASTINGS 
POWER SERVICE PRODUCTS + SPEEDOSTAT 


Hagerstown, Indiana Don Mills, Ontario, Canada 
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This paper presents the results of a preliminary assessment by Martin 
engineers of the order of reliability which might be required in nuclear 
systems, and the effects on design of the alternatives for flight reliability 
are presented here. It was concluded that the ultimate design goal 
should be a single-reactor, all-nuclear aircraft, although the first nuclear 
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The reason: lower tooling and lower finishing costs. Article describes 
the three techniques and gives typical applications for each. (Paper 
No. 160C) — E. W. Feddersen 


Transistor-switched ignition system 46 
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and J. L. Burgess 


Suspension system differences are tremendous 56 
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differences in the suspensions are tremendous. (Paper No. 152B) — 
John R. Bond 
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The thermal-oxidation stability test discussed here marks the last 
of a number of tests developed for determining the performance of 
extreme-pressure gear lubricants to meet the new military spec MIL- 
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How to get up there to build them and get back again with nuclear 
rockets. (Paper No. 167A) — Holmes F. Crouch 


Purchasing has its say 85 

What engineering’s responsibilities are to purchasing is pretty well 
agreed by purchasing executives of major automotive vehicle and parts 
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cently concurred in a good many opinions about engineering’s proper 
responsibilities to purchasing.— D. R. Hannum 
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PRODUCT INFORMATION 


N/O’s most original seal design, used in fan and 
bearings where water seepage is 
contamination. S' 


léy Introduces & New /nregral Boll Bearing Seals/ 


Now, New Departure offers a versatile line of new 
integral seals for N/D precision ball bearings. Each 
N/D seal is engineered to retain bearing lubricant 
for life . . . and offer maintenance-free service. These 
seals are designed to give manufacturers a broad 
selection to choose from for a specific application. 


Modern design N/D seals are made of synthetic 
rubber with supporting steel components for precise 


a OY oe —— | —— 


control of sealing lip flexibility and torque. What- 
ever the application, you’ll find an N/D integral 
seal and ball bearing to fit it. All seals are available 
in popular sizes of New Departure ball bearings. 


Write today for N/D’s Integral Seal Bulletin. For 
detailed information, contact the N/D Sales Engi- 
neer in your area. New Departure Division, General 
Motors Corporation, Bristol, Connecticut. 


_- 
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BALL BEARINGS 
proved reliability you con build around 
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TEMPERATURE gg CON 


- « « an Important Factor 
in Spring Performance 


Heating the special alloy bars from which Burton Springs are made is an important 
operation that must be done right to insure correct spring performance. 


This control panel, one of several at the Burton plant, governs and records furnace 
temperature by automatic pyrometers located inside the furnaces. 


Spring quality is affected by the way in which these furnaces are operated and how 
their operation is supervised. Here, as in every step of manufacturing, Burton Springs 
receive the utmost care. 


America’s leading manufacturer of motor transport and off-highway equipment have 
their springs made in the Burton factory, because they know the care that goes into 
making Burton Springs assures the utmost dependability. 


Bring your next spring problem to Burton engineers. 


BURTON SPRINGS , 


VITAL SUPPORT FOR THE AUTOMOTIVE INDUSTRY 


BURTON AUTO SPRING CORPORATION, WESTERN AVENUE AT FORTY-EIGHTH STREET, CHICAGO 32, ILLINOIS 
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AIRCRAFT 


F-106 Multiple Power Generating 
System, P. W. CORBETT, R. K. WAL- 
TER. Paper No. 128A. Consideration 
of aircraft, mission, environment, elec- 
trical and mechanical requirements in 
development of power generating sys- 
tem for Convair’s fighter interceptor 
by General Dynamics Corp.; details of 
configuration and MA-1 weapons sys- 
tem; outstanding features of power 
generating system; electrical multiplic- 
ity, i.e., one drive, four generators, 
eight electrical systems, etc.; main- 
tained frequency control of plus or 
minus 5%. 


Integration of Constant Speed Drive 
with Weapon System, A. V. CHAVEZ, 
J.L. BURGESS. Paper No. 128B. Ap- 
proach used by Boeing Airplant Co. in 
developing constant speed drive, based 
on methods used in B-47 and B-52 air- 
craft programs; systems include 40-kva 
‘hard drive” systems for B-52; step- 
by-step procedure through mechanics 
by which fully qualified drive may be 
obtained and how it may be integrated 
with weapon system. 


Specification Requirements for 
USAF Engine Driven Constant Speed 
Alternator Drives, R. A. NOVOTNY. 
Paper No. 128C. Current practice of 
designing constant speed drive to meet 
requirements of each weapon system is 
explained and Air Force constant speed 
drive requirements are outlined in re- 
gard to capacity, output speed regula- 
tion, load division, protective devices, 
oil system, zero “G” conditions, effi- 
ciency, and weight; areas are indicated 
where requirements will change to meet 
future demands. 


Constant Speed Drive Starter Units, 
P. R. WOOD. Paper No. 128D. Unit 
combining engine starter and low heat 
rejection constant speed drive, devel- 
oped by AiResearch Manufacturing 
Co. of Arizona, consists of generator, 
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gear system, including starting brake, 
and starting turbine; operating princi- 
ple provides three different modes of 
operation: main engine starting from 
turbine power, constant speed opera- 
tion from turbine power alone, and 
constant speed operation from main 
engine shaft power with turbine speed 
control. 


Matching Constant Speed Drive to 
Specific Application, C. D. FLANIGEN. 
Paper No. 128E. Approach used by 
Lycoming Div. of Avco Corp. in study 
of complete drive development pro- 
gram; establishment of design area is 
described by applying quantitative val- 
ues, where possible, to following detail 
requirements: type of drive desired; 
time and money involved; weight and 
space: temperature and vibration en- 
vironments; power capability; fre- 
quency control performance, and spe- 


cial features required; suggestions 


made. 


Design of Hydro-Mechanical Con- 
stant Speed Drive for 120 KVA Gen- 
erator, P. C. MOSHER, L. B. HALLI- 
BERG. Paper No. 128F. Development 
of 120-Kva constant speed drive by 
Sunstrand Aviation, Rockford, [Il., 
utilizing hydromechanical transmis- 
sion; outstanding features are use of 
fabricated 347 stainless steel housing; 
high speed bearings; improved control 
system in regard to governor perform- 
ance; frequency and load controller 
and frequency reference design, and 
current transformer accuracy; selec- 
tion of components; design problems. 


Design and Performance of Constant 
Speed Drives for Commercial Use, R. H. 
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GUEDET. Paper No. 128G. Design 
criteria of General Electric 40-kva 
constant speed drive for Convair 880 
and 600 jetliners, designed for com- 
mercial use; mechanical hydraulic 
transmission consists of variable stroke 
hydraulic pump motor coupled to fixed 
displacement hydraulic pump motor; 
testing program and flight testing; ef- 
ficiency of drive varies from 82% to 
90% at rated load of 64 hp; at load of 


32 hp, efficiency varies from 75% to 


83%; other performance data. 


Up in Air with Business, H. W. BOG- 
GESS. Paper No. 136A. Use of busi- 
ness aircraft fleet and problems in- 
volved which have to be faced by 
business; problems include asquisition, 
operation, maintenance, scheduling, 
and efficient utilization of company 
owned aircraft; methods employed by 
organization which operates fleet of 
20 airplanes. 


Small Company Uses Airplanes, G. F. 
DRAKE. Paper No. 136B. Three com- 
pany owned aircraft are employed by 
Woodward Governor Co., Rockford, I1.; 
procedure used and general company 
attitude toward these aircraft; operat- 
ing costs and tabulation of figures 
which include charges for mainte- 
nance, storage, fuel and oil, insurance 
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and capital depreciation for three types 
of aircraft used. 


General Aviation During Soaring 
Sixties, D. ROSKAM. Paper No. 136C. 
Growth of air transportation with par- 
ticular reference to use of company- 
and individually-owned personal air- 
craft and its implications; possible 
future trends. 


Integration of Missile Ground Sup- 
port Equipment, I. TROWBRIDGE, 
W. B. VAN HORNE. Paper No. 138A. 
Factors to consider in design of ground 
support system include weapon design, 
operational maintenance, logistics, and 
personnel concept; based on require- 
ments derived from these concepts, 
analytical procedures provide’ type 
specification for support system; anal- 
ysis of subsystem performance specifi- 
cations, and detailed design: test and 
evaluation determine utility of synthe- 
sized system when compared with ini- 
tial requirements. 


Launcher Shelters for BOMARC, 
R. V. OSTLING, P. M. KELLY. Pa- 
per No. 138B. Design of launcher 
shelters for defense missile such as 
BOMARC (Boeing— Univ. Michigan 
Aeronautical Research Center) is 
greatly influenced by weapon system 
readiness requirement; direction of 
progress in design was to maintain this 
capability while reducing shelter size, 
quantity of construction materials and 
costs; steps taken in developing five 
shelter design models; comparison of 
designs and costs. 


Surge Characteristics of Aircraft 
Underwing Fueling — By-Product of 
Pressure Fueling, R. H. K. CRAMER, 
D. L. DAVIS. Paper No. 139A. Basic 
features of DC-8 fuel system and equip- 
ment; mathematical analysis of ex- 
pected surge pressures in fueling op- 
eration; test programs undertaken to 
study operating conditions of DC-8 
system and sources of fueling irregu- 
larities; probable causes of surges in- 
duced by start-up surge, back-flow 
surge, and fill valve shut-off induced 
surges; measures taken with respect to 
airlines operating DC-8’s; parameters 
covering fueling equipment. 


Landing Gear and Tire Experience 
with Boeing 707, W. P. ERICKSEN. 
Paper No. 139B. Details of landing 
gear of Boeing 707, made primarily of 
high strength steel; automatic braking 
system for stopping wheel rotation 
after takeoff and prior to gear retrac- 
tion; use of forged aluminum wheels; 
installation of fuse plugs in wheels to 
release air pressure at predetermined 
elevated temperature, prior to tire 
bursting; tire service life; maintenance 
procedures and operating instructions. 


Control Techniques for Reliability, 
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General Motors Reliability in Action... 


BUILT TO TAKE IT! 


HARRISON RADIATORS STAND UP 
UNDER TORTUROUS POUNDING OF 
BELGIAN BLOCK ROAD! 


The Belgians have a word for it, SCHRIKWEKKEND . . . TERRIFIC! 
One mile over a Belgian Block Road would convince you they’re 
conservative. It’s jolt—jounce—bounce every inch of the way! 

The Belgian Block Road is but one of the tests to prove the structural 
strength, the rugged reliability of Harrison radiators under all types 

of driving conditions—from normal situations to the most extreme roads 
and terrain. As a prime producer of automotive temperature-control 
equipment, Harrison-General Motors engineering and proving 

facilities are the most modern and complete in the industry. Reliability 
through research is just one of the reasons why Harrison is the leader 

in product value and dependability. If you have problems of 
temperature control . . . passenger comfort or vehicle efficiency .. . 


Harrison Automotive Radiators — look to the leader. Look to Harrison for the answers! 
Reliable Products of General 
Motors Research and Engineering. 


( Y co en 
£4 >, 
~Zes “aoe To ORDER 


AUTOMOTIVE RADIATORS + OIL COOLERS » THERMOSTATS + AIR CONDITIONERS + HEATERS + DEFROSTERS 


HARRISON RADIATOR DIVISION, GENERAL MOTORS CORPORATION, LOCKPORT, NEW YORK 
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Goop*vEaR’ =A MODERN RIM FOR 
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The New Earth-Mover 


40% Stronger-only 6% Heavier 


Today’s earth-movers are carrying bigger loads Mover Rims. Although 40% stronger, these new 
than ever—and moving them faster, too. rims are only 6% heavier. 


To meet the added strain imposed on rims, With Goodyear rims you enjoy such added bene- 
Goodyear, long-time leader in rim development, fits as a heavy-duty bead seat band driver—to 
has introduced a complete new line of Earth- prevent slipping under severest operating 


Buy and Specify RIMS by és ap #4 Eb 
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TODAY'S MASSIVE LOADS 


N 


Only Goodyear Rims 
have Bond-A-Coat Finish, 
for lasting protection 


against rust and corrosion 
conditions. And you get the positive air seal rims job-fitted by Goodyear. See your local rim 
provided by Goodyear’s famous Tru-Seal. distributor, or write : Goodyear, Metal Products 
a ba : Division, Akron 16, Ohio. 
Goodyear makes rims in widths up to 37” and ’ cas 
in diameters up to 49”. To prevent premature Send for Free Goodyear Rim Catalog , « 
—84 pages of facts and pictures on Goodyear's , i r 

ee 


tire and rim failure, it pays to buy and specify complete line of rims for every type of vehicle 


GOODJYEAR 


QZ , 
—— More tons are carried 
ye on Goodyear Rims 
than on any other kind 


1—~T M. The Goodyear Tire & Rubber Company, Akron, Ohio 
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’ HYATT DEVELOPS 
SELF-ALIGNING BEARINGS FOR THE 















- 
Nominated as “Car of the Year” by Motor Trend Magazine, the Chevrolet 
Corvair introduces the first independent rear suspension in a modern 
American automobile. What a job for the Hyatt Bearings! With a swing 
axle, the bearings must support the weight of the axle and compensate 
for normal misalignment between the axle shaft and the control arms. 
Hyatt’s answer was a single lubricated-for-life unit, composed of a pair of 
spherical bearings, the bearing housing and necessary seals . . . 
delivered ready for immediate installation. A complete package designed 
to accommodate radial and thrust loads as well as misalignment. 
Hyatt takes pride in the many compliments paid the Corvair’s ride . . . 
and in the job it can do for you if your design is revolutionary. 
Hyatt Bearings Division, General Motors Corporation, Harrison, New Jersey. 
This Hyatt design automatically compensates for 
the normal misalignment between the swing axles 
and control arms of the revolutionary Chevrolet 
Corvair. The complete bearing package is delivered J 
ready for press fitting onto the axle with provision 
for bolting the housing to the brake flange plate. 
¥ 


Hiy-ROLL BEARINGS 


FOR CARS AND TRUCKS 


yar 


IN ROLLER BEARINGS HYATT 1S THE WORD FOR RELIABILITY 


co me om 
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< te [ Presenting! 


NATIONAL BUD UNITIZED 





Flanges, if desired, are available to 
simplify positioning and removal 


TRADE MARK 






National BUD UNITIZED has integral wear ring presenting 
rubber surface to shaft. Wear ring turns with shaft, 
sealing lip is never exposed to damage, cannot score shaft. 


A new unitized oil-seal-and-wear ring that eliminates: 


SHAFT WEAR OR SCORING 


SEPARATE METAL WEAR SLEEVES 


EXPENSIVE SHAFT FINISHES 


COSTLY SHAFT RE-MACHINING 


SEALING LIP INSTALLATION DAMAGE 


SPECIAL INSTALLATION PROCEDURES 


New National BUD UNITIZED seals are now in pro- 
duction, in a limited range of sizes, for heavy oil and 
grease sealing applications — including truck, bus 
and tractor uses. Still newer BUD UNITIZED seals are 
on the way for higher speed automotive and similar 
uses. 

Changing a National BUD UNITIZED oil seal auto- 
matically changes the wear sleeve — in one fast, sim- 
ple operation. Since the seal has its own integral 


NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio, Redwood City 


wear ring, it is almost impossible to install it other 
than squarely on the shaft. Expensive shaft finishing 
is no longer a necessity, nor is leakage under a metal 
wear ring a problem — both thanks to the rubber sur- 
face BUD UNITIZED presents to the shaft. 

For complete details or skilled engineering help on 
application of BUD UNITIZED seals, write direct, or 
call your National Seal Applications Engineer. You'll 
find him in the Yellow Pages, under Oil Seals. 





6013-R and Downey, California 
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The only operational 
cartridge starter... 


Output shaft speed 
Dry weight (not including cartridge) 


Operating temp. 
Chamber pressure normal operation 
Safety plug diaphragm burst pressure 


Operating voltage 


Operating air pressure and temp. 


Operating air flow 


SPECIFICATIONS: 


3000 rpm (max) 
60.0 Ibs (approx) 


CARTRIDGE STARTING 
— 65° to 160°F 
850 psi 
2000 psig 
(nominal) 
15 to 32 volts 


PNEUMATIC STARTING 


50 psia and 350°F 
(nominal) 


100 Ibs per min (approx) 


AIRESEARCH’S CARTRIDGE/PNEUMATIC STARTER has completed more than 20,000 
successful cartridge starts for the F-100, F-105 and Hound Dog missile applications. 


Completely fail-safe, this lightweight pack- 
age is the only cartridge starter capable 
of full containment of a wheel hub burst. 

The AiResearch starter is extremely 
flexible and compact, making it easily 
adapted to any jet engine envelope. For 
example, the same starter now used on 
the Hound Dog missile can be delivered 
immediately for use on the B-52 itself. 

This self-contained, aircraft-installed 
starting system provides quick, dependable 
starts in any climate or 


THE 


location by means of high temperature 
cartridge gases or low pressure air such as 
supplied by an AiResearch gas turbine 
serving as an onboard pneumatic power 
source or conventional ground support unit. 

The starter consists, basically, of an air 
turbine starter and a removable solid pro- 
pellant cartridge chamber. Combustion of 
the cartridge directs high pressure gas 
against the turbine wheel, turning the out- 
put shaft. Overspeed is controlled by aero- 
dynamic braking action of air compressed 


CORPORATION 


by radial blades on the other side of the 
turbine wheel. 

This simple system consists of proven 
components with many thousands of hours 
of successful operating history. The 
pioneer and leading manufacturer of air 
turbine starters of all types for both 
military and commercial application, 
AiResearch has more than four years of 
cartridge experience and 12 years’ experi- 
ence in pneumatic starters. 

Your inquiries are invited. 


AiResearch Manufacturing Divisions 


Los Angeles 45, California «+ Phoenix, Arizona 


Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 





ANALYTIC “BLOODHOUND” SNIFFS OUT SECRETS 
OF BEARING CORROSION 


WE USE THIS HYPERSENSITIVE 
DEVICE TO TRACK DOWN 

ENGINE BEARING CORROSION TO 
ITS SOURCE. This instrument needs 


only a minute fragment of metal for 
accurate analysis. Consequently, engine 
bearing corrosion can be traced from 
its beginning through complete destruc- 
tion of the bearing surface. Because test 
variables are minimized, Federal- 
Mogul engineers can accurately relate 
degree of corrosion to specific engine 
operating conditions. This analytical 
tool is in continual use in our labora- 
tory, assisting research on many differ- 
ent projects. Prevention of corrosion 
and development of new bearing alloys 
are high on the list! 


SUCCESSFUL BEARING PERFORMANCE 


depends on selecting the proper alloy for 
the operating conditions to be met. Federal- 
Mogul engineers have had years of experi- 
ence with bearings and applications of all 
kinds . . . and this wealth of knowledge is 
available to bearings users. This is one reason 
why F-M sleeve bearings, precision thrust 
washers, formed bushings, and low-cost 
spacers are chosen for use in virtually every- 
thing from baby buggies to 
heavy industrial cranes. 


and in our brochure on spacers. For your copies, write Federal-Mogul Division, Federal-Mogul-Bower 


There’s much valuable data in our Design Guides on sleeve bearings, thrust washers and bushings; 
Fipeat Bearings, Inc., 11035 Shoemaker, Detroit 13, Michigan. 


sleeve bearings DIVISION OF 
going — FEDERAL-MOGUL-BOWER 
ARARIIRM BEARINGS, INC. 


SAE JOURNAL, MAY, 1960 





The American Automotive Industry—the world’s 


Up-to-the-minute Engineering 
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The Swivel-T Valve Core makes Schrader’s famous 
operating principle more than ever the 


Ace of Standardization for pneumatic tire-equipped vehicles 





greatest enterprise—depends on tire accomplishments 


constantly improves tire, valve 
and vehicle performance 


THE SEARCH for ways to improve Schrader products DESIGN CHANGES are often made in the light of new 
never stops. Even the smallest details of each part are materials with new properties which have been created 
constantly and exhaustively examined. in the world’s technical laboratories. 


ENGINEERING CREATIVITY produced a new valve core de- SWIVEL-T VALVE CORES have already travelled with all 
sign with six new performance benefits. Teflon with its kinds of vehicles in varying terrains, proving themselves 
super-slippery characteristics helped make this possible. to be the most dependable valves ever. 


The Automotive Industries are quick to take advantage of new scientific 
discoveries. Pooling ideas, skills, and knowledge, engineers in many 
companies from the Automotive, Tire, and Tire Valve Industries cooper- 
ate to improve even the smallest details. One recent example is Schrader’s 
Swivel-T Valve Core, which employs precisely-machined Teflon in the 
plug washer to prevent cores from sticking and to make a more positive 
air seal. This advancement is one of countless benefits which have re- 
sulted from cooperative effort . . . another contribution which helps make 
vehicles even more dependable no matter where they go. 


A. SCHRADER’S SON * BROOKLYN 38, N. Y. 
Division of Scovill Manufacturing Company, Incorporated 


FIRST NAME IN TIRE VALVES 


simon et SCONIEE | FOR ORIGINAL EQUIPMENT AND REPLACEMENT 
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| MAGNESIUM 


MAGNESIUM DELIVERS MORE 
DIE CASTINGS PER POUND! 


6 pounds of magnesium make... 


’ 


6 pounds of zinc make... 


This means you're getting substantially more for your money 
when you choose magnesium die castings. You get more 
volume per pound! You get more die castings per pound! 
Reason: aluminum is 50% heavier than magnesium—zinc is 
4 times heavier. 

You save on production costs, too, because magnesium can 
usually be die cast 50% faster than aluminum. This means 
that 2 die casting units can produce as much as 3. Mag- 


Remember . 


nesium can be machined faster too, with less wear on tools. 


Save all three—weight, production time and manufacturing 
costs—and get more die castings in the bargain by choosing 
magnesium for your die cast components! For more infor- 
mation check with your die casting supplier or write to: 
Automotive Development Engineering, Magnesium Sales 
Department, 1101EN5, THE DOW CHEMICAL COMPANY, 
Fisher Building, Detroit, Michigan. 


. Magnesium gives you fast production! The fact that magnesium can be die cast faster means you 


not only get more die castings per pound with magnesium, but you get more flexible production schedules, too! 


See the “DOW HOUR of GREAT MYSTERIES” on NBC-TV 


THE DOW CHEMICAL COMPANY 
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ACTUAL TESTS PROVE: 


vew STOPMASTER BRAKE ::; 


the most advanced brake 
_ design in 30 years! 


Over three years of thorough and 
demanding road tests have proven the 
superiority of the new Rockwell-Standard 
Stopmaster Brake. Of its many 

new improvements the Stopmaster 
incorporates these major advantages to 
meet the modern trucking industry’s 
demand for a more efficient, 

more dependable brake. 


New Stopmaster 

actuation principal 

results in higher braking 
efficiency with less input. 

In dual actuation design 

both shoes do an equal 

amount of work over the 

entire lining surface. 

This balanced shoe action assures 
more dependable service; faster, 
surer stops; less maintenance. 


New Stopmaster 15” diameter 
permits increased air circulation 
between brake drum and wheel rim. 
This results in cooler operating 
temperatures... less heat fade, 
longer lining life, longer drum 
life. Smaller diameter 

means less weight. 


The Stopmaster 15” Brake is 

available with either air or hydraulic 

actuation ... also up to 30” diameter, with 

hydraulic actuation for heavy-duty, off-highway vehicles. 


A pabther Foal of... ROCKWELL-STANDARD RA 


CORPORATION 


Brake Division, ' Ashtabula, Ohio 
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EVEN ON THIS 
EXTRA-TOUGH JOB... 


ma 


NAXIRA :3: 


HIGH-STRENGTH STEEL 
TRIPLES TRUCK LIFE! 


Hour after hour, dround the clock, the Edward C. Levy Slag 
Company, Detroit, keeps forty 45-ton trucks working under 
severe conditions. Nearly 30 tons of hot slag are loaded, lifted and 
dumped on every trip. Each time, the truck body must stand 
the sudden shock of drop loading, the stress of lifting that load 
and the grinding abrasive action as it empties. 


How long can a truck body take such a beating? 


Until the company (which designs its own trucks) discovered 
N-A-XTRA high-strength steel, they used ordinary carbon steel, 
good. for about 18 months’ service. Though the truck bodies were 
as strong as they could be and still carry an adequate payload, 
maintenance was almost continuous—with breaks, dents, dings 
and sags occurring almost from the start. 


Then they fabricated eight bodies out of N-A-X TRA, which has 
a minimum yield strength nearly three times greater than mild 
carbon steel. These trucks carry the same payload and after 18 
months’ service still look almost new. Owners estimate a life of 
five years, more than triple the others—with far less maintenance. 
The extra strength of N-A-XTRA also permits a strong floor 
that needs no expensive reinforcement to support the load against 
hydraulic lift action. 


Eventually, all forty Edward C. Levy trucks will be made of 
N-A-X TRA high-strength steel. In fact, all patches and section 
replacements are now made with N-A-XTRA. 


Tons of hot, abrasive slag may not be your problem—but the 
same steel that mastered these conditions is the one to remember 
when only the strongest steels will do. Rugged conditions, heavy 
loads and weight-saving construction are challenges that 
N-A-XTRA is designed to meet and beat. With excellent weld- 
ability, formability and toughness, these quenched and tempered 
N-A-XTRA steels are available in four levels of minimum yield 
strength, from 80,000 to 110,000 psi. They can also be supplied 
to higher levels of mechanical properties. 


A PRODUCT OF 


GREAT LAKES STEEL 


Detroit 29, Michigan 


Atma hat aa ‘ompare above truck 
interior of N-A-XTRA_ high-strength 
steel with the mild carbon steel body and 
ak aR | Sue 
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Sissi . Zoe ose — 
These two tr cs have done the same 
tL a 18 months. The only 
CRE rence is that the one above is made 


ANE. Cue 


DESIGN NOTE: 

Panels and floors for these trucks, designed by Edward 
C. Levy Slag Co., were fabricated of N-A-XTRA 100 
(100,000. PSI minimum yield strength) from plates 
44,"-\4" thick. Standard flame cutting procedures were 
used. Side frames were cold-formed of N-A-XTRA 100 
from 3%" plate, using both skip (6”" weld, 6" skip) and con- 
tinuous welds. Performance to date has been equal, in- 
dicating additional savings through skip welding. 


For full technical information on N-A-XTRA high- 


strength steels, write Great Lakes Steel Corporation, 
Detroit 29, Michigan, Dept. F-9. 


Great Lakes Steel is a Division of NATIONAL STEEL CORPORATION 
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Koppers Sealing Rings 
give ensured actuation! 


~ Koppers solves diverse and difficult sealing problems. 


Modern supersonic jets and dump trucks—as dissimilar as they 
appear—both depend on Koppers Sealing Rings for efficient 
hydraulic system operation. Koppers Predictable Performance 
Sealing Rings are used in a wide variety of applications .. . 
engineered to satisfy each requirement of both hydraulic and 
pneumatic sealing. 

Koppers has the technological skill, gained through 38 years 
of experience, to meet the most critical performance require- 
ments in any sealing application. Look to Koppers to solve 
your sealing problems. For an informative booklet on Metallic 
Sealing Rings write to: KopPpeERs CoMPANY, INc., 6905 Hamburg 
Street, Baltimore 3, Maryland. 


A Koppers Sealing Ring is applied to a B-58 actuator, 


SEALING RINGS 


Engineered Products Sold with Service 
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One ofa series 


Catching Up with a Slippery Equation 


What goes on when two moving surfaces are separated by a film of oil? 


Simple question? Maybe, but engineers and mathematicians have 
been trying to answer this classic question of lubrication ever since 


Osborne Reynolds neatly stated the problem in equation form back in 1886. 


Unfortunately, analytical methods for solving Professor Reynolds’ 
partial differential equation worked only for unrealistic oil bearings, 
bearings with widths approaching zero or infinity. And approximate 
methods were crude, requiring a complete recalculation for each slight 


change in the bearing. 


Recently, mathematicians at the General Motors Research Laboratories 
came up with the most versatile and efficient method of solution 

yet made. Their analytical method for solving the two-dimensional 
Reynolds’ equation applies to all finite journal bearings — as well as 
other hydrodynamic bearings — with no assumptions or approximations 
about boundary locations. The new method uses a long-neglected energy 
theorem recorded by Sir Horace Lamb instead of the force relationship 


tried by Reynolds and others. 


Besides being a valuable contribution to the theory of lubrication, this 
work has its practical side: namely, accurate, serviceable design 

curves for engineers. At GM Research, we believe delving into both 

the theoretical and applied sides of a problem is important to progress. 
It is a way of research that helps General Motors fulfill its pledge 


of “more and better things for more people.” 


General Motors Research Laboratories 
Warren, Michigan 


Hydrodynamic analyses have : ~~ Only curve previously available. 

led to specific answers about ae 4 

bearing operation. Shown 

here are the oil pressure ail 

distribution (main illustration) Capacity L/D=@ 
and load-carrying 

capacity for a non-rotating 
journal with a 
reciprocating load. 


L/D =1.0 


L/0=0.1 
0.1 


- Eccentricity 





Torrington Drawn Cup Roller 


Bearings Used in Valiant’s Alternator 


Compactness, efficiency, economy, reliability ...these are outstanding 
features of Chrysler Corporation’s exciting new small car...and of 
Torrington Drawn Cup Roller Bearings. Used by Chrysler in the Valiant’s 
new alternator system for electrical power generation, these bearings 
provide smooth, trouble-free operation and long service life without need 
for relubrication. 

Torrington Drawn Cup Roller Bearings offer performance advantages 
in all types of generators and appliance motors. The cost is remarkably 
low ...in many cases, armature bearing costs have been lowered by as 
much as 50%. For advice on the application of Torrington Drawn Cup 
Roller Bearings to your specific problems, call or write your nearest 
Torrington district engineer. 


Armature-mounted Torrington Drawn 
Cup Roller Bearings offer these out- 
standing advantages: 


* Highly efficient roller guid- 
ance 


¢ Ample provision for lubricant 
storage and circulation 


¢ High capacity in small cross 
section 


¢ Long pre-greased service life 


* Outstanding efficiency at 
high speeds 


¢ Easy mounting by press fit 
¢ Simple housing design 
¢ Low unit cost 


progress through precision 


THE TORRINGTON COMPANY 


TORRINGTON BEARINGS 


Torrington, Conn. « South Bend 21, Indiana 
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For Sake of Argument 


Faith ... 


AN ACT OF FAITH is involved in every decision we make. We 
decide to take a bus to work, on the basis of faith that the buses 
will be running. We order a meal — in the faith that we will get 
what we order. We have faith enough in a design we have con- 
ceived to put it on paper... and others have enough faith in it 
to authorize working models. Without faith, no decision can 
ever be made; no action taken. 


In this sense, faith is substance... “the substance of things 
hoped for.” It plays a more substantial part in business and 
engineering achievement than any other single element. With- 
out it, the will and the way may not be found to acquirement of 
necessary skills and knowledge. Without its call to action, even 
already-acquired skills may atrophy. 


Faith is the result of sound reasoning, not reason’s antithesis. 
Material fact is a less sound basis for action than what Rufus 
Jones calls “the majesty of the categorical imperative — ‘thou 
canst because thou ought.’ ” 


Too often we think of faith as “blind faith”; echo the Sunday 
School boy’s definition: “Faith is believing in what you know 
isn’t so.” 


This is a long way from Santayana’s “invincible surmise”’ 
through which: 


“Columbus found a world, and had no chart, 
Save that one faith deciphered in the skies; 
To trust the soul’s invincible surmise 
Was all his science and his only art.” 


The power of faith in our individual lives varies, of course, 
with what we have faith in. 


rina Gc ce 





“SQUEEZE... 





..and its on! 


Packard ‘‘SPRING-RING” Battery Cable Saves Time —- 


Packard “SPRING-RING” battery cables require 
no special tools for installation. A pair of pliers 
. «+ a Squeeze on the tangs... and they are on, 
providing a high-pressure contact. e@ Available 
for both positive and negative battery posts, 
“SPRING-RINGS” are smaller than conven- 
tional terminals so there is less chance of inter- 
ference with battery filler caps and hold-downs. 
e@ Because they offer so many advantages, 
Packard “SPRING-RING” terminals are original 
equipment on many 1960 General Motors cars. 
For full details contact Packard Electric today. 


Branch offices in Detroit and Chicago. 
Pa —— Electric 


| 


“Live Wire’’ division of General Motors 


Warren, Ohio 
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ips 


from SAE meetings, members, and committees 


10-50% OF THE COST of 


manufacturing aircraft and mis- 
siles is in the cost of testing and 
test equipment. 


TAL EXTRUSION BILLETS 

cost more than one hundred 
dollars per pound — when the high 
cost of processing is added to the 
high basic price. 


B tav'exn DEVELOPMEN- 


5000 INDUSTRIAL LABORA- 
TORIES in the United States, 
as compared with only 290 in 1920. 


"TL s000 1 THERE ARE OVER 


ANNED SPACE TRAVEL will 
M require more knowledge 

from instrumented vehicles 
and flight studies on animals. 
Current knowledge indicates that 
some form of shielding will be re- 
quired. A possible problem is that 
moderate shielding for the Van 
Allen radiation belt will slow up 
high energy cosmic particle radia- 
tion to the point where long-term 
exposure in space may be more 
dangerous than with no shielding 
at all. It may be that only very 
thin (the equivalent of 0.15 in. of 
lead) or very thick shields (greater 
than 6 in. of lead) can be used. 


TANDARD AMERICAN PAS- 
SENGER CARS contain about 
150 lb of polymers. About 100 


lb go for the tires. 


BSOLUTE AND UNVARYING 
A RELIABILITY is one of the 
most fundamental, but least 
appreciated, aspects of radioactive 
decay. The rate of decay of a 
certain species of radioactive ma- 


terial has been found to be free of 
any external influence that has, 
thus far, been imagined in the sci- 
entific realm. Our data are now 
so complete that, given a certain 
radioactive isotope, we can pre- 
dict, with utmost confidence, what 
the emission level will be one hour, 
one day, one year, or a hundred 
years hence. 


UALITY CONTROL —S. E. 
Q Knudsen, GM _ vice-presi- 

dent and general manager 
of Pontiac Motor Division, main- 
tains a close surveillance on qual- 
ity by driving home a newly as- 
sembled car daily. 


F SOME 179 FLIGHT PER- 
O SONNEL TRAINED FOR JET 
AIRCRAFT by United Air 
Lines, only eight individuals have 
dropped out of the training pro- 
gram for physical or other reasons. 


TIVE-TYPE PAINT shows a 

definite benefit over darker 
paints in the hot areas of this 
country. In-car temperatures of 
cars parked in the sun showed up 
to 15 deg cooler after a one-hour 
soak period in the car having the 
light colored paint. Once the cars 
are in motion, roof metal tempera- 
tures show only a 2-3 F difference 
between white and black paint, of- 
fering no measurable advantage. 


S ta STEEL, ONLY 0.006 IN. 


Ur COLOR OR REFLEC- 


THICK, will cover much of the 

B-70. This is not as ridicu- 
lous as it seems —since 0.001 in. 
extra in skin thickness will in- 
crease the B-70’s weight by one 
ton. 


ee POUNDS have been saved in 
the B-70 hydraulic system — 
by replacing threaded cou- 
plings with brazed tubing fittings. 


(more chips on following page) 


UEL CONSUMPTION in a fuel cell system should be independent of 
power output, as evidenced by the comparison (shown in the chart 
below) of efficiencies of systems using hydrocarbon fuels. 


2° 


100 


_ FUEL CONSUMPTION -L8/ HP-HR 


1000 0,000 


DIESEL-ELECTRIC 
SYSTEMS 


STEAM TURBINE 
SYSTEMS 


CARBOX FUEL CELL SYSTEMS 


100,000 1,000,000 


POWER OUTPUT~KILOWATTS 








chip 
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from SAE meetings, members, and committees 


upwards of 2500 test check 

points and 5 million circuit 
combinations. Thus only one er- 
ror in one million still results in 
five bad connections. 


Mitowar MISSILES may have 


EW WORD, NEW INSTRU- 
MENT — The word “ovality” 
has been coined to express 

the variations in diameter of an 
object which has no center. A 
new instrument has been devel- 
oped to measure it. It will auto- 
matically record the variations in 
the diameter of a rim, both at 
the flange and gutter. It’s an 
ovality gage. 


as much as 10 man-hours per 

flight hour to repair acousti- 
cally-induced fatigue damage. 
The accumulative cost of repairing 
this damage since 1955 is about 
$63,000,000 for aircraft now in 
service. These figures were 
pointed out recently at the First 
International Conference on 
Acoustical Fatigue. 


Sis: USAF AIRCRAFT require 


ELIABILITY OF ROCKET EN- 

GINES — such as used for 

emergency standby power — 
has reached the point where 100,- 
000 units of one type have, re- 
portedly, been operated without 
any malfunction. 


SATELLITES will have little 

effect on U.S. telephone trunk- 
line business. Possible early satel- 
lite microwave communication ca- 
pability will be small compared 
with the current largely civilian, 
transcontinental capacity. If we 
compare microwave relay links, 
simultaneous voice conversations 
transmitted on earth (AT&T 


[sareui COMMUNICATION 


trunklines) are 14,400 as com- 
pared to 1000 for a 24-hr satellite 
(oriented). Carried on earth are 
24 alternate TV channels; two 
could be carried by a satellite. On 
earth, power per voice channel per 
relay is 0.003 w, and total power 
required equals 40 w. The satel- 
lite would require 6 w per voice 
channel, and a total of 6 kw. 


speeds of over 100,000 rpm, 

which makes them attrac- 
tive for accessory power units, ac- 
cording to a Boeing research engi- 
neer. He reports that possible 
temperature requirements are now 
up to 1200 F and turbine speeds 
are approaching 100,000 rpm, and 
more. 


Gs BEARINGS have attained 


N 1959, FOR THE FIRST TIME 
I IN HISTORY, the United States 
imported more cars than it ex- 
ported ...and the gap is expected 
to increase this year. 


Space-Age Dictionary 


inherent reliability — designed-in 
reliability. 


secondary reliability — those as- 
pects of reliability affected by shop 
personnel, inspectors, truckers, 
servicing workers, and every other 
person who influences the article 
before its use. 


reliability apportionment — allo- 
cation of minimum reliability per- 
centages to components of a sys- 
tem and then to elements in each 
component, based on the reliabil- 
ity figure for the whole system. 
For example, if a hydraulic system 
is to have 95% reliability, a pump 
in the system may be allocated a 
reliability of 99.9% and an o-ring 
in that pump may need a reliabil- 
ity of 99.9994%. 


HE TECHNICAL AXIOM 

I THAT NOTHING IS IMPOS- 

SIBLE sinisterly conditions 

one to the pitfall corollary that 
nothing is ridiculous. 


90% OF THE AIRCRAFT 


AND MISSILES INDUSTRY uses 
automatic test equipment. 84% 
of these companies use automatic 
testing for other than just con- 
tinuity checking. This is in sharp 
contrast to a survey made of the 
industry just two years ago and 
indicates a marked increase in the 
use of automatic test equipment. 


HE AVERAGE PERSON pro- 

duces about 10,000 Btu per 

day of heat energy that is 
given off to the surrounding at- 
mosphere. This amount of heat is 
sufficient to raise 61% gal of water 
from freezing to the boiling point. 
The heat is created internally by 
the slow combustion of food stuffs, 
energy expended to maintain life 
processes, and muscular activities. 
The body loses heat by radiation, 
convection, and evaporation. 


SIONABLE MATERIAL exceed 

by 10 times the energy content 
of the equivalent resources of all 
fossil fuels, including natural gas, 
oil, and coal. 


Pstonar RESOURCES OF FIS- 


ends of threads are brought 

together in the making of a 
tire will cause a hot spot in serv- 
ice, leading to blowouts and tread 
separation. Thermocouples prove 
that the tread temperature at this 
thread splice point can run 25 deg 
hotter than at any other place on 
a tire’s circumference. 


Fy enas of LAP where the 
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Fig. 1— This proposed 
map-matcher is an ex- 
ample of a currently 
practical application of 
space-age research and 
development. This de- 
vice would identify the 
position and path of an 
aircraft passing over a 
given location . . . and 
would also indicate in 
the aircraft its precise 
location at any time. 


Today's Engineering 


Can Use Space Age Gains 


> Research and development exploding from awareness that space 


is an accessible frontier can have immediate potentials. 


4 


H. C. Zeisloft 
AC Spark Plug Division. CMC 
EING on, in, or a part of today’s exploding tech- 
nology is impelling engineers in every automo- 
tive area to exert themselves as never before... . 
They are trying sincerely to do better in terms of 
their own understanding. In many automotive 
areas this means culling from the ever-growing body 
of space-age research ways to improve our ability to 
produce more, more economically, with a given 
amount of mechanical energy. 
To do this, a degree of technical alertness is re- 
quired greater than ever before conceived. Tech- 
nical progress is currently an exploding force which 


MAY, 1960 


defies definition.... And in scores of these space- 
age areas, researches have been developing much 
data of significance to engineers in every phase of 
the automotive industries. 

SYNTHETIC MATERIALS, for example, have con- 
tinued to expand tremendously. Military demands 
have hastened such developments as teflon — in the 
many forms and configurations which take advan- 
tage of its electrical and frictional properties. (One 
form, Known as DU material, consists of a very thin 
layer of porous bronze impregnated with a combina- 
tion of lead and teflon.) 

Many new resins, developed for specific purposes, 
have molecular structures aligned to suit particular 
requirements. These include many types of polyes- 
ters and epoxies which are finding use in the adhesive 
field, in laminating, in casting, and in the develop- 
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ment of thin, tough films. (Mylar is a good example 
of a thin, tough film.) 

THE FIELD OF ADHESIVES itself has been ex- 
tended — by basic research into the nature of ad- 
hesion — to cover a wide range of compatible mate- 
rials. Aircraft now flying are using structural metal 
elements which are glued together. Missiles and 
space ships use metallic honeycomb panels with 
metal faces bonded to each side. 

NEW METALS are being widely exploited. Tita- 
nium, lithium, and beryllium stand out as represent- 
ing major accomplishments. Titanium is now being 
fabricated for missile structures, and a wide back- 
ground of experience is available for its further use. 
Lithium has been used as a catalyst in synthetic rub- 
ber production ... and ways are being found to ma- 
chine beryllium so that its superior physical charac- 
teristics can be utilized. 

Nickel oxide batteries and silver-zine batteries — 
originally developed for missile work — represent 
potential advances in the design of civilian equip- 
ment needing lightweight and small batteries. 

THROUGH NUCLEAR PHYSICS developments, 
radioisotopes have become a useful part of industry 

. and even the transmutation of metals is now a 
reality. The electronics field has also grown very 
rapidly. Semiconductors, transistors, tunnel diodes, 
and similar devices make up a large field in them- 
selves. Micromodular structure of electrical com- 
ponents has been developed to permit hundreds of 
elemental electronic functions to be built into pack- 
ages with dimensions in fractions of inches. Com- 
plete radio receivers, for instance, which meet Air 
Force requirements, have been built into packages 
the size of an ordinary sugar-cube. The so-called 
tinker-toy method of manufacture is expected to 
further reduce the cost of electrical equipment via 
completely automatic manufacture and assembly. 

INFRARED RADIATION advances have brought 
new types of sensing elements and inspection de- 
vices. Heat-seeking missiles, involving infrared sen- 
sitive elements, now can search out and home upon 
very, very small heat sources. So, these sensing ele- 
ments are currently being used in air-to-air missles. 

COMPUTERS continue to record fascinating ad- 
vances. Advances in magnetics have provided com- 
puters with many new capabilities, particularly with 
regard to memory elements. Computers using these 
advanced concepts accept quantities of factual in- 
formation and react according to prescribed laws of 
logic to provide logical answers to new problems fed 
to them. For instance, a checker-playing machine 
stores its experience in each game and refines its 
techniques so that it becomes more and more diffi- 
cult to defeat. 

Eventually, computing systems will accept prob- 
lem statements, or even sketches, describing what is 
to be done ... and the computer will figure out how 
to doit. Instead of an operator analyzing the prob- 
lem and programming it for the computer system, 
the system itself will be capable of analyzing, pro- 
gramming, computing, and presenting the results 
in the desired form. The results may be presented 
as printed read-outs, charts, drawings, or even ma- 
chined parts from a machining element. Already, 
of course, computers can solve equations involving 
thousands of calculations in a matter of seconds. 

ROBOTS of various types have been developed for 
work in radioactive areas. Such robots are being 
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used for intricate and precise handwork as well as 
for heavy materials handling. A mobile robot at 
Hughes Aircraft has closed-circuit TV eyes, hydrau- 
lic muscles, handling arms capable of lifting 150 lb 
and a lift platform with a 1500-lb capacity. It has 
a vertical reach of 10 ft, a horizontal reach of 3 ft. 
It is controlled through a long cable. The entire 
robot weighs 4500 lb. 

At Republic Aircraft, a “spark-bomb” device forms 
metals which are very difficult to work. Electrical 
power is stored by capacitors and released in 40 mil- 
lionths of a second. The discharge takes place un- 
der water and develops a high-velocity shock wave 
which is directed toward the material to be worked. 
Several thousand horsepower have been developed in 
this almost direct conversion of electrical energy to 
mechanical power. 

Gyro-stabilized platforms now exist which are less 
than 1 cu ft in volume, less than 30 lb in weight, and 
have a life in excess of 1000 hr. 

NEW POWERPLANTS include stationary atomic 
power generation stations, turbines for small air- 
craft, and other types of auxiliary powerplants for 
use on missiles and space ships. One new small air- 
craft turbine is on its way, for example, which 
weighs only 110 lb, yet develops 250 hp. 

SONIC WELDING OF ALUMINUM is a recent de- 
velopment. It is being accomplished with equip- 
ment commercially available now. 

NEW TYPES OF GLASS-LIKE MATERIALS are 
now solving some of the problems of low-friction, 
very-high-temperature bearings. A crystalline ce- 
ramic has been developed which gives a transpar- 
ency to 90% of light, and is stable at 3600 F. Other 
new skills acquired in the field of glassmaking have 
resulted in a glass useful at very high temperatures 
in aircraft. 

Thermoelectric devices which directly convert 
electrical energy to heat or cold promise many new 
applications in the automotive, as well as in other 
industries. 

Converse equipment has been made, which di- 
rectly converts heat into electrical energy. Familiar 
by now is the tractor, operating on power cells, which 
incorporates a similar principle of direct energy 
conversion. 

Proposed now by AC Spark Plug is a map-matcher 
which would scan the earth, and —in conjunction 
with a map — identify the position and path of an 
aircraft passing over. It would also indicate in the 
aircraft its precise location at any time. This de- 
vice can be assembled with today’s techniques and 
knowledge. Fig. 1 shows the location of the various 
components of the map-matcher. Examination of 
this proposed map-matcher will generate in the 
minds of many engineers additional, similar poten- 
tialities. 

Scores of other potentially applicable new devel- 
opments are coming from space-age researches 
every year. From recent military researches may 
well come improved rocket take-off boosters for su- 
personic commercial airliners; missile-type vehicles 
for mail and freight service; TV relay satellites; tele- 
phone exchange satellites; weather satellites; and 
many more. The possibilities have only begun to 
come into focus for engineers. 


To Order Paper No. 112A... 
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Fig. 1 — Test setup for measuring engine mode shape data. 
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OMPUTERS ARE DESIGNING ENGINE MOUNTS 
to control passenger-car shake. After a mathe- 
matical model of the physical system has been set 
up with all mathematical operations defined and the 
form of solution specified, the problem is turned over 
to the computing laboratory for programming, cod- 
ing, and checkout. Upon completion of these steps, 
computation can start with evaluation of results 
following shortly. 

The first step in designing a mounting system to 
control shake is to determine the engine frequency 
and mode shape required to match the structural 
deflections at the engine mounting pads. This is 
done by taking measurements at the engine mount- 
ing pads (Fig.1). Forces are applied at the tire cen- 
terline by 200 lb electromagnetic shakers over a fre- 
quency range of 6-20 cps. The tests are conducted 
with the engine supported from the floor. Two soft 
coil springs prevent the front of the car from rising 
when the weight of the engine is removed. Vibra- 
tion transducers attached to engine mounting pads 
on the car structure measure the response curves at 
each pad. Measurements are made for front and 
rear wheel hop and tramp excitation. 

A typical response curve at a front engine mount- 
ing pad for front wheel hop excitation is shown in 
Fig. 2. Here, the critical frequency of 12% cps is 
selected for measurement of mode shape. The mode 
shape is determined by measuring the complex de- 
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flection (amplitude and phase angle) at 124% cps for 
each mounting pad. 

The next step is to calculate the deflections of the 
engine center of mass required to produce the deflec- 
tions which were measured at each mounting pad. 
The general relationship between deflections at the 
engine c.g. and an engine mounting location is 
shown in Fig. 3. Fora typical passenger-car mount- 
ing system with 3 mounting locations, a total of 9 
translational deflections are measured. Assuming 
that none of the deflections in the same direction are 
equal, all 9 translational deflections must be satis- 
fied by one set of 6 deflections in the engine c.g. 
Obviously a unique solution is not always possible. 

Special techniques must be used and compromises 
must be made for cases where equal mounting pad 
deflections are prevented by coupling of structural 
twist and bending. The typical case for a passenger 
car, however, usually reduces to a relatively direct 
solution. This is due to lack of coupling between 
lower structural modes and the location of principal 
inertia axes of the engine mass. For pure structural 
bending, the deflections at the right front mounting 
pad are equal to deflections at the left front mount- 
ing pad. For pure structural twist, these deflections 
are equal and opposite. 

The location of engine principal inertia axes con- 
trols dynamic coupling between rotational coordi- 
nates. The engine can rotate about any principal 
inertia axis without producing a moment about any 
other axis. The principal inertia axis which runs 
laterally through a conventional engine is almost 
normal to a vertical plane containing the crankshaft 
centerline. Because of this, the engine can pitch 
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without causing yaw or roll motions due to mass cou- 
pling. (Engine pitch, yaw, and roll here are defined 
as rotation about a lateral axis, rotation about a ver- 
tical axis, and rotation about a fore-and-aft axis re- 
spectively). 

Defiections at the front mounting pads are iden- 
tical for pure structural bending and lateral, yaw, 
and roll deflections at all mounting pads are zero. 
This leaves a total of 4 different translational deflec- 
tions at the mounting locations and 3 unknown de- 
flections at the engine c.g. Substitution of the 4 
mounting pad deflections into equations (Fig. 3) 
yields four equations. 

Since there are only three unknowns, a unique 
solution for the required engine mode shape cannot 
be made. For this particular case, however, vertical 
and pitch deflection are of primary importance and 
two of the four equations are used to solve directly 
for them. The two remaining equations provide two 
different values for the fore-and-aft deflection. 
These two values are averaged to obtain a figure to 
complete the engine mode shape. 

Another and possibly better way to determine a 
value is to use the criterion that the sum of all the 
forces transmitted to the structure in the fore-and- 
aft direction shall be zero. The sum of these forces 
provides one equation involving mounting rates and 
deflections at the engine c.g. This equation can be 
solved uniquely for X, the fore-and-aft deflection at 
the engine c.g. We now have six deflections which 
completely describe the engine mode shape required 
to dynamically fit the engine to the structure-sus- 
pension assembly for front wheel hop excitation. 

One additional factor, the frequency for this mode, 
must be determined in order to achieve correct phas- 
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timum tuning for a two degree of freedom system. 
Since the engine mass is large, this relationship in- 
dicates that we can expect an engine frequency ap- 
preciably lower than 12.5 cps to provide optimum 
tuning for this system. The precise tuning fre- 
quency cannot be calculated readily because of the 
difficulty in determining the mass of the structure 
involved. Empirically the engine frequency has 
been found to vary from 0.8 to 0.9 times the main 
mass frequency. A good estimate of the engine fre- 
quency required for this specific application is the 
average of 0.85 times the peak frequency in Fig. 2 
which is 10.6 cps. A complete description of the en- 
gine mode required for an effective dynamic ab- 
sorber for this application is: 


Fore & Aft X Vertical Y 
0.198 1.0 


Frequency f-—cps 
10.6 

Pitch V 

— 0.073 


LateralZ RollO® Yaw® 
0 0 0 


numbers listed for X, Y, and VY were calculated 
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Fig. 2— Left front engine mounting pad response; front wheel hop in- 
put equals 150 Ib at each wheel. 


Fig. 3 — Engine center of mass 
deflections expressed in deflec- 
tions at ith engine mounting 
location. 


D = Deflection at engine center of gravity 
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Di = Deflection at i'? engine mounting 


» = Transformation matrix which describes 
relationship between coordinates at 
engine c.g. and coordinates at engine 
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(a) 


F =K D (Condensed Notation) 
Kix = Stiffness of Elastic Element in x Direction Ibs/inch 
Kiy = Stiffness of Elastic Element in y Direction Ibs/inch 
Kiz = Stiffness of Elastic Element in z Direction ibs/inch 


(b) 
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INERTIA AXES, 


Fig. 5— (a) Principal inertia 
coordinates. (b) Mass matrix 
in principal coordinates. 
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Kj = Stiffness Motrix in Coordinates 
1 8j at Engine C.G. 
K,; = Stiffness Matrix in Coordinates 
0; ‘ at Engine Mounting 
dj = Transpose of dj 
9j 
(c) 
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Fig. 4— (a) Principal coordi- 
nates for ith elastic element. 
(b) Stiffness matrix relating 
forces and deflections at end | 
and end 2 of ith elastic element 
(shaded portions vanish for the 
boundary conditions that de- 
flections at end 2 are zero). 
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F=-w2 M D (Condensed Notation) 


w= Circular Frequency 
m= Engine Moss 
I,, ly. I, = Principal Mass Moment of 
inertia about the x,y, and 


Z axes, respectively 


Fig. 6— (a) Location of the 
ith engine mounting with re- 
spect to engine c.g. (b) Co- 
ordinates at engine mount ex- 
pressed in parallel coordinates 
at engine c.g. (c) Mathemati- 
cal operations for coordinate 
translation transformation. 
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as described earlier and then normalized by dividing 
each number by the largest number. 

The final step is to determine by computer analy- 
sis an engine mounting system which will have a 
mode that matches the mode shown above. The 
ideal method of solution would be to solve directly 
for mounting rates and locations from input data of 
the six frequencies and six mode shapes. This form 
of solution can be made only for a few special cases 
which are of little value for a practical problem. 
The mode shapes and frequencies can be found from 
input data of engine mass properties, mounting lo- 
cations, mounting rates, and orientation of principal 
elastic axes for each mounting. Solutions or mode 
shapes and frequencies can be computed for many 
mounting locations and any combination thereof. 
In this manner mounting rates and locations can be 
determined which approximate the required mode to 
control shake. 

The problem can be formulated mathematically 
in a methodical fool-proof manner by analyzing 
each element individually and then performing co- 
ordinate transformations to assemble the composite 
system. 

An engine mounting is illustrated in Fig. 4(a). 
This element is analyzed in the most convenient co- 
ordinate system which is the principle elastic coordi- 
nate system shown at end 1 and 2 of the mounting. 
Fig. 4(b) shows the stiffness matrix for this primi- 
tive element. The stiffness matrix describes the 
relationship between forces and deflections at each 
end of the elastic element. With an engine mount- 
ing, rotary resistance and coupling of coordinates 
can be neglected. Thus, an adequate mathematical 
description of the mounting can be derived from 
three orthogonal translational rates as shown in Fig. 
4. Boundary conditions can be applied either in the 
primitive system or in the composite system, which- 
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Fig. 7— (a) Angular orienta- 
tion of principal elastic coordi- - 
nates at engine c.g. and princi- zw 7% s 
pal inertia coordinates. (b) 22; 
Principal elastic coordinates ex- 
pressed in principal inertia co- 
ordinates. (c) Mathematical 
operations for coordinate rota- 
tion transformation. 
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avi The Angle Subtended by z and 
x; Axes is Denoted by z x; 


ever is more convenient for the specific application. 
The cross-hatched portion for the primitive elastic 
element in Fig. 4 vanishes for the boundary condi- 
tion that all deflections at end 2 are zero. In the 
remainder of the matrix the first 6 rows mathemati- 
cally describe the forces applied to the engine at end 
1 of the mounting. The last 6 rows describe the 
boundary forces which are applied at end 2 of the 
mounting. 

The principal inertia coordinates and the mass 
matrix for the mass element are shown in Fig. 5. 
The mass matrix is expressed in principal coordi- 
nates so that products of inertia do not appear. This 
matrix can be derived by applying an acceleration 
along each coordinate and summing forces. 

Mass and elastic elements are the only basic ele- 
ments involved. Damping elements have been neg- 
lected because of the minor effect on the frequency 
and mode shape and because of the much increased 
machine time required to solve the problem with 
damping. For more than one elastic element each 
element is analyzed as previously described and then 
summed to form a composite stiffness matrix for the 
complete mounting system. Prior to summing, how- 
ever, all stiffness matrices must be transformed to a 
common coordinate system. It is convenient to 
choose the engine principal inertia coordinates as 
this common coordinate system. To express the stiff- 
ness matrix in principal inertia coordinates a trans- 
lation transformation must be performed. 

Mechanics of the translation transformation are 
shown in Fig. 6. Part (a) gives the geometrical re- 
lationship of the engine mounting and engine c.g. 
The relationship between coordinates at the engine 
mounting and parallel coordinates at the engine c.g. 
is given in part (b). The same mathematical rela- 
tionship is also given in condensed notation where 
one letter or symbol represents a matrix. The 6 by 
6 matrix shown in part (b) is represented by the 
symbol 2;. Mathematical operations for performing 
the translational transformation are shown in con- 
densed notation in part (c) of Fig. 6. 

The stiffness matrix for the ith mounting is now 
transformed to coordinates parallel to principal 
elastic coordinates with the origin at the engine c.g. 
The origin for the stiffness matrix now coincides 
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with the origin for the principal inertia axes. The 
axes for the stiffness matrix must now be rotated 
until they also coincide with the principal inertia 
axes. The angular orientation of these two sets of 
axes are shown in part (a) of Fig. 7. Part (b) gives 
the mathematical relationship between the two sets 
of coordinates and part (c) shows the mathematical 
operations for the coordinate rotation transforma- 
tion. The stiffness matrix for the ith mounting is 
now expressed in principal inertia coordinates. This 
same procedure is repeated until all mounting stiff- 
ness matrices are expressed in inertia coordinates. 
All stiffness matrices and the mass matrix are now 
in a common coordinate system and can be summed 
to form the characteristic equations for the engine 
mounting system. When these equations are writ- 
ten in condensed notation they are identical to the 
equation for a single degree of freedom system. 
Each symbol, however, represents a matrix instead 
of only one number. The equation is: 


F=(-o°M+K,|D (1) 


where: 


F = External forces applied to the system 
o=Circular frequency 
M = Mass matrix 
K,=Sum of all mounting stiffness matrices 
D = Defiections along principal inertia axes 


The solution of equation (1) for F=0 and D =~ 0 pro- 
vides all the normal frequencies and mode shapes 
for the engine. Note, however, that if this were for 
a single degree of freedom the frequency squared 
would equal K, divided by M. The mode shapes are 
in inertia coordinates and are therefore difficult to 
interpret. To correct this condition one final trans- 
formation is performed to express the six mode 
shapes in coordinates parallel to car design axes. 
The frequencies are the same in any coordinate sys- 
tem and do not require a transformation. 

The problem at this stage has been converted toa 
mathematical model of the physical system with all 
mathematical operations defined and the form of 
solution specified. At this point the problem is 
turned over to the Computing Laboratory for pro- 
gramming, coding and check out. Upon completion 
of these steps production computation can start with 
evaluation of results following shortly. 

Production computation involves computing ei- 
genvalue solutions for various mounting locations or 
rate combinations until the required mode is approx- 
imated. These problems are usually computed and 
analyzed in groups of ten to permit more intelligent 
adjustment of parameters in trying to achieve a de- 
sired mode. An empirically determined mode which 
was required to control shake for one vehicle is 
shown in Fig. 8 (b). The solution for a mounting 
system developed by production computation to ap- 
proximate the required mode is shown in Fig. 8 (a). 
The first column merely identifies each mode with a 
number. The second column lists the eigenvalues 
(or natural frequencies) and the remaining columns 
describe the eigenvectors (or mode shapes). Each 
row completely describes one mode by giving the 
normal frequency and mode shape corresponding to 
that frequency. Mode one for example has a fre- 
quency of 15.3 cps and is composed of fore and aft (2), 
vertical (y), and Pitch (y) motions. Notice that 
mode 6 in this solution is a very good match for the 
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Fig. 8 — (a) Eigenvalues and eigenvectors for an engine mounting sys- 
tem. (b) Eigenvectors and eigenvalues required for a specific structure 
— suspension combination. 
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Fig. 9 — Complete car bending motion — front wheel hop excitation. 


required mode. The match is especially good for 
frequency, vertical deflection, and pitch. This fit is 
sufficiently good to merit installation in a car for 
evaluation on the shake analyzer with minor modifi- 
cations if necessary. The final system developed for 
one model is compared to the original system in Fig. 
9. Note the large reduction in shake amplitudes 
achieved with the matched mounting system. These 
same results were confirmed by shake evaluation of 
the car on a rough road. 

Thus, one engine mode can be tailored to control 
a bending mode of shake. This same process can be 
used to match more than one mode to a structure. 
For example, a structural twist and a structural 
bending mode can be controlled by fitting one engine 
mode to each structural mode. This process is not 
theoretically limited to two modes. When the num- 
ber of modes used exceeds two, however, the prob- 
lem of -controlling engine frequencies and mode 
shapes simultaneously becomes very difficult. From 
a practical standpoint and at this stage of the art, 
the number of modes which can be used efficiently 
is two. In almost all applications, however, two en- 
gine modes are sufficient to develop a vehicle with 
excellent shake properties. 


To Order Paper No. 127B . ... 
.on which this article is based, turn to page 6. 
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THREE ALTERNATIVES for achieving flight 

reliability in nuclear aircraft through compo- 
nent or system redundancy, the single-reactor, all- 
nuclear aircraft seems to be the optimum design. 
Martin engineers came to this conclusion after 
making a preliminary assessment of how these 
alternatives (the other two are dual-reactor and 
nuclear-chemical systems) affect design — particu- 
larly weight and growth potential. 

They also investigated what the component re- 
liability requirements would be for each system. An 
adequate flight reliability goal was considered to be 
flight safety equivalent to that of a four-engine 
chemical aircraft. 

The all-nuclear, single-reactor system was 
thought best because not only would this result in 
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Three of his four years with Martin 
have been concerned with nuclear propulsion 
application studies . . . where he has been 
establishing flight vehicle operational prac- 
ticability, military worth and general require- 
ments of weapon systems. 
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Flight reliability and optimum design can 


design, according to preliminary assessment 


the lightest aircraft with the best growth poten- 
tial—but by leaving out the many components re- 
quired to provide chemical power, maintenance 
would be reduced and flight utilization enhanced. 
The reactor and certain parts of the primary loop 
would be unduplicated and consequently require 
very high unit reliability ... but these can be con- 
sidered mechanically relatively simple compared to 
a chemical engine unit. However, it was recognized 
that it would be some time before enough is known 
about nuclear powerplant components to assess the 
reasonableness of this approach. 

The dual-reactor system showed size and cost dis- 
advantages, which made it look like an unlikely 
solution to the problem. 

The third alternative — nuclear-chemical aircraft 
— will probably be the first type of nuclear aircraft 
developed. However, the problems of an aircraft 
designed with the required emergency chemical 
cruise range include not only design penalties but 
also additional maintenance requirements. 


Flight reliability goal 


An adequate flight reliability goal is that of a 
conventional four-engine chemical aircraft, capable 
of sustaining flight on any two engines. Assume 


s that the probability of in-flight of each engine unit 


is one in 5000 hr of flight and that the average 
flight is 5 hr duration. Then the flight reliability 
of each engine unit at the start of each flight 
would be 0.999, and the flight reliability of the 
complete propulsion system would be approximately 
0.999999996. In other words, chances of losing fly- 
ing power are about four in a billion flights. 

These values can be broken down for the nuclear 
propulsion system as shown in Figs. 1 and 2 for an 
indirect-cycle three-loop system. Fig. 1 shows a 
simplified block diagram for both a single-reactor 
and dual-reactor system. Fig. 2 shows the order 
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Fig. 1 — Schematic of single-reactor and dual-reactor systems. 
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Fig. 3— Trends of air- 
craft weights — exclu- 
sive of reactor-shield as- 
sembly. 


Fraction of Aircref Design Weight 





Nuclear Aircraft 


. continued 


of reliability required for each component to result 
in a system reliability equal to that of the model 
chemical system. Both series and parallel reliabil- 
ity probabilities are involved. 

Establishing such component reliability will have 
to be by appropriate component system design, test- 
ing for design verification, and good inspection, 
maintenance, and replacement practices in opera- 
tion. The difference in achieving reliability in nu- 
clear propulsion systems compared to chemical pro- 
pulsion systems is in the amount of relief from 
stringent component reliability requirements which 
can be obtained through redundancy and still result 
in a reasonable aircraft system. 

Although one approach might be to provide alter- 
native chemical propulsion capability, this capabil- 
ity must also be accompanied by a quantity of fuel 
for range. For nuclear aircraft a range of approxi- 
mately 1500 naut mi is indicated to make it possible 
to reach ‘base from any logical operating point. 
This is significant because, in scaling aircraft size, 
the fuel required for a given aircraft range is a 
nearly constant fraction of design gross weight. 
Increase of fuel fraction to provide additional range 
for a chemical aircraft (without sacrificing other 
qualities, removing fixed weights or function load) 
requires that the aircraft be scaled upward until 
the fixed weight fractions are reduced sufficiently 
to allow the new fuel weight fraction of aircraft 
weight to be absorbed in the design gross weight. 


Effect on design 


Martin-developed nuclear aircraft designs were 
used for assessment. Such requirements as low 


Fig. 4— Design weight 
fractions for reactor- 
shield assembly. 


Fraction of Aircraft Design Weight 


altitude maneuverability, large operating crew, high 
crew and aircraft utilization, and a substantial pay- 
load have led to a preference for turboprop power 
conversion and unit shields. 

Effects of design alternatives on design gross 
weight were examined. Aircraft performance qual- 
ity factors, functional load, and crew radiation dose 
rates were held constant. 

For scaling purposes, aircraft weights were 
grouped into basic structure, propulsion systems 
(exclusive of reactor shield assembly), and fixed 
aircraft weights and functional load—and ex- 
pressed as fractions of design gross weight. Re- 
actor-shield assembly weights (with and without 
chemical fuel in shield) were determined for the 
power levels varying with aircraft weight and ex- 
pressed as fractions of design gross weight — taking 
into account the effect of varying aircraft dimen- 
sions on the distance separating the crew from the 
reactor. 

By adding the reactor-shield assembly weight 
fractions to the sum of all other aircraft weight 
fractions at various design weights, a curve was 
plotted to show the trend of growth with aircraft 
scaling and the point at which the sum of all the 
fractions is unity, or the minimum design gross 
weight. When the sum of all the fractions is less 
than unity, the difference between the sum and 
unity represents growth potential. 

Fig. 3 shows trends of aircraft weights (exclusive 
of reactor-shield assembly) as fractions of aircraft 
design gross weight. Discontinuities in the curves 
are due to incremental increase in the number of 
engines — with only one engine type allowed, this 
factor had major significance. The unusually high 
structural weight fraction, compared to existing 
chemical aircraft, is due partly to the aircraft mis- 
sion, but primarily to two peculiarities of nuclear 
aircraft: (1) landing and take-off gross weights are 
about the same, and (2) usual device of obtaining 
structural load relief by distributing weight — such 
as placing fuel in the wing —is very limited in 
application. 

Fig. 4 shows weight trends in scaling of reactor- 
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Fig. 5 — Single-reactor 
aircraft growth trend. 
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Fig. 6 — Dual- reactor 
aircraft growth trend. 
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Hostenr-Chsmtosl Fig. 7— Nuclear-chemi- 
cal aircraft growth trend. 
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Nuclear Aircraft 


. continued 


Shield assemblies as fractions of aircraft gross 
weights with various amounts of shield weight 
(0-40%) attributed to chemical fuel. 

Fig. 5a shows the sum of the fractions of aircraft 
weight. In Fig. 5b, the reactor-shield assembly 
weight fraction for the all-nuclear single-reactor 
aircraft is added to this sum. Fig. 6 shows the 
same for a dual-reactor system. 

Fig. 7 shows reactor-shield assembly design 
weight, with near optimum combination of fuel in 
the shield, added to the sum of aircraft weight plus 
allowance for adding the required chemical fuel 
systems. Shading represents fuel in the shield 
which must be carried when the reactor is operat- 
ing—to be used only when the nuclear plant is 
shut down. 

Chemical fuel in the shield is useful only when 
the fuel must be carried for some reason other than 
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Fig. 9 — How infinite 
selection of engines 
would affect the sums 
of design weight frac- 
tions. 
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shielding. Once designed for a specific amount, the 
quantity carried could not be varied without affect- 
ing crew dose rate. 

If the nuclear-chemical aircraft is required to 
carry chemical fuel against a nuclear plant failure 
emergency, an appropriate fraction of design weight 
must be allotted to fuel. For a chemical power 
range of 1500 nautical mi — with the fuel necessary 
to climb to best altitude and for minimum loiter at 
destination —the required fraction is approxi- 
mately 18% of design gross weight. Influence of 
this requirement on design gross weight is shown in 
Fig. 8— which compares growth potential of nu- 
clear-chemical aircraft having this requirement to 
that of dual-reactor aircraft. It can be seen that 
the nuclear-chemical aircraft has grown to approxi- 
mately the same size as the dual-reactor, with a 
somewhat inferior growth potential. 

If the selection of engines were infinite, more 
nearly optimum combinations would be allowed. 
This is shown in Fig. 9, where the curves for the 
three basic configurations are smoothed. 


» To Order Paper No. 169C .. . 


..on which this article is based, turn to page 6. 


Fig. 8—For 1500 naut 
mi emergency chemical 
cruise range, the nuclear 
chemical aircraft is about 
the same size as the 
dual-reactor aircraft. 


SAE JOURNAL 





High Energy Rates 


Shape Parts 


Explosive, hydroelectric, and pneumatic-mechanical 


methods of forming are replacing conventional methods 


for some applications. 


HREE MAJOR METHODS OF APPLYING HIGH 
ENERGY RATE to the deformation of metals are 
explosive, hydroelectric, and pneumatic-mechanical. 


EXPLOSIVE FORMING is the shaping of mate- 
rials by the exertion of sudden pressures from the 
explosion of a chemical charge. The shock wave and 
subsequent hydraulic action cause the material to 
take the shape of its die. 

Normally, a medium such as water is used to 
transmit these forces because the intense heat gen- 
erated tends to burn the material. Water, or a fluid 
medium, is also used because a more uniform pres- 
sure is experienced from the hydraulic action. A 
third reason for using a fluid medium is the natural 
muffling effect it has on the sound of the explosion. 

Although possessing certain advantages over me- 
chanical presses, explosive forming cannot replace 
mechanical means of forming in producing high- 
volume items. The real advantage lies in the ability 
to form and size large, complex sections, at frac- 
tional tool costs, and the elimination of extremely 
large mechanical machinery. 


THE HYDROELECTRIC METHOD has been de- 
scribed as underwater lightning. Again, the sudden 
release of energy is applied to deform materials. 
Here, electrical energy is stored in capacitors and 


Reason: lower tooling 
and lower finishing costs. 


Based on paper by E. W. Feddersen, Convair — Forth Worth 


suddenly triggered. The energy, applied through a 
water medium, is the same as in explosive forming. 

This method, like explosive forming, also has its 
limitations, and does not appear to be a replacement 
for the mechanical press. Advantages of the hydro- 
electric process read almost identical to those of ex- 
plosive forming. However, there are additional 
advantages which make it more versatile as a pro- 
duction method. The process is accurate and re- 
peatable and, because of complete controllability, 
usable within a fully inhabited factory. 

THE PNEUMATIC-MECHANICAL METHOD, 
called Dynapak, applies high energy rate to the de- 
formation of materials through the sudden release 
of compressed gas. Energy is stored in the form of 
compressed dry nitrogen gas. This gas is released 
through a system of valves and applied to a piston. 
The piston, ram, and header plate are driven at very 
high velocity, making contact with a bolster plate. 
The header plate contains the punch while the bol- 
ster plate holds the die, all of which is conventional, 
except the high velocities which are employed in the 
mechanical action. This method opens new avenues 
of metal forming and can, in some instances, use 
simple punches with complicated dies. 


To Order Paper No.160C . . . 
...0n which this article is based, turn to page 6. 


Typical applications of each of the above high-energy-rate forming methods 
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are described on the following pages. 
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High Energy Rates 
Shape Parts 


. continued 





Fig. 1 Fig. 2 
Fig. 3 


Forming a Ball Joint 


One application of explosives to the expansion of preformed hollow bodies 
is shown in Fig.1. The ball joint is made by precutting 301 annealed stain- 
less steel tubing and nesting one within the other. These are then placed 
in the die shown in Fig. 2. A light charge of prepackaged gun powder is 
placed inside the tube and detonated. This results in a uniform semiair- 
tight ball joint for the overboard dump system for the B-58 airplane. Fig. 
3 shows two ball joints fitted to attaching flanges resulting in a universal 
joint in the anti-icing system for the B-58. 





Forming a Ramjet 
Engine Cooling Shroud 


Another application of explosives 
to preformed hollow bodies is shown 
in Fig. 4. This part is a cooling 
shroud for a ramjet engine. Here, a 
type 310 stainless steel was preformed 
into a cylinder and welded. It was 
placed in the die shown in Fig. 5 and 
a cylindrical charge of PETN explo- 
sives, 2 in. in diameter and 9 in. long, 
was suspended within the chamber. 
The result was a complicated part 
formed without the need of machine 
tools. Conformation of convolutions 
and diameters were within tolerances 
of + 0.010 in. 





Fig. 4 Fig. 5 
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Forming 





Fig. 6 


Forming a Regular Cup Shape 


The application of explosives in forming a regular cup 
shape is shown in Fig. 6. Here, the requirement was for the 
part to be made from 301 '2 hard stainless steel, 24 in. in 
diameter and have a 4-in. chord height. The tool (Fig. 7) 
for this cup-shaped part was made in two pieces. The base 
is cast Kirksite with the hemispherical form and a steel 
draw ring. The upper case serves two purposes. First, it 


Forming an Irregular Cup Shape 


An irregular cup shape which was selected for explosive 
forming because of the multiple strike and annealing op- 
erations which were required when the part was made on 
a drop hammer is shown in Fig. 8. Operations were reduced 
by explosive forming from five strikes to three and from 
four anneals to one. The part, a mounting for a ground 
cooling line on the B-58 is made from 6061-0 aluminum and 
is formed using two 5-g explosive charges with only one 
annealing required between strikes. 
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acts as a draw ring and, secondly, as a water tank in which 
the explosive charge is placed. The formation of this 
hemisphere is interesting because multiple charges created 
stresses within the material that caused the part to warp 
when trimmed. Although many variations of explosive 
charge sizes and shapes were tried, the hemisphere could 
only be formed with a single charge. The '% hard 301 ma- 
terial had to be fully trapped to prevent compression 
wrinkles. 





Fig. 8 


more on High Energy Rates Shape Parts —————_—__—_—> 
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High Energy Rates 
Shape Parts 


. continued 


(2) Hydroelectric 


Forming 


Hi-Vo-Pac Unit 


The high-energy spark unit used in 
hydroelectric forming is shown in Fig. 
9. The portable metal box on the left 
contains capacitors, switching circuits, 
varaic control of power, charging 
switch, and automatic or manual dis- 
charge switches. The desired voltage 
build-up is controlled by the variac and 
can be read in the voltmeter located on 
the control panel. Build-up and dis- 
charge after making the desired setting 
is initiated by merely pressing the re- 
lease button. Upon activating this 
button, the unit charges in 6 sec and 
then automatically discharges. 


> 





Hi-Vo-Pac Dies 


In the application of the controlled and repeatable elec- 
trical explosive force, the most obvious departure from ex- 
plosive forming is in the die design. Dies for high-energy 
spark forming are completely closed. Fig. 10 shows several 
dies for forming airframe components. The closed die in 
the top center of Fig. 10 contains fixed electrodes to which 
is attached the initiating wire. The position of the elec- 
trode has been determined by experiments to give the most 
efficient wave front for the forming to be done. 

Each die has its own peculiar set of electrodes and initiat- 
ing wire. The dies can be completely closed because the 
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Fig. 10 


gas volume generated by the vaporized wire is insignificant, 
if compared to the gas bubble created by a chemical explo- 
sive. By closing the die, full advantage can be taken of the 
pressure wave and, in the case of tubular parts, the shock 
wave is reflected off the ends, creating additional energy. 

The closed die design permits the use of epoxies as die 
material. Epoxy resins have high compression strength 
and reasonable wear characteristics. Standard shells in 
which the pattern is held, are of various diameters. Resin 
is poured while the die is vibrated. This is essential if all 
trapped air is to be expelled from the resin. The die is com- 
pleted in about two days, including curing time for the 
epoxy resins. 
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Fig. 9 





Split Die, Blank, 
and Die Head Electrode 


The following sequences are nec- 
essary operations in the forming of 
a part by the hydroelectric process 
(Fig. 11). The die is closed and the 
bottom plate installed. The tube 
to be formed has a rubber wafer 
installed at its base, making the 
tube water tight. The tube is then 
placed into the die cavity and the 
tube filled with water. The cover 
plate with electrodes and initiating 
wire is installed. The leads from 
the power unit are connected to 
the electrodes, and the release but- 
ton is pressed. In 6 sec, the unit 
charges and fires automatically, 
resulting in the finished part 
shown in Fig. 12. Note that the 
operations of bending, expanding, 
and piercing of the hole were done 
simultaneously. 





Fig. 11 


Fig. 12 





more on High Energy Rates Shape Parts ——————_—_—— 
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High Energy Rates 
Shape Parts 
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Dynapak Machine 


A schematic of the machine is shown in Fig. 13. It con- 
sists of a two-chambered cylinder, valve cocking assembly, 
piston ram assembly, bolster plate, tie rods, cushioning pis- 
ton, nitrogen shock absorbers, and base frame. The entire 
unit can be mounted either in a horizontal or vertical posi- 
tion. 

The opération of the machine is as follows: Chamber A is 
charged with nitrogen gas to the desired fire pressure. A 
trigger pressure is then applied to the small area between 
chambers Aand B. This trigger pressure forces the trigger 
piston to an open position. Compressed nitrogen gas then 
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passes through three large ports and acts upon the piston, 
driving it and the punch toward the workpiece at a high 
velocity. Because the machine is mounted on a floating 
type support, the bolster plate also moves toward the punch, 
when the machine is fired. The momentum from these two 
sources cancel each other as the part is formed. Therefore, 
all stresses are contained within the machine. 

After the part is formed, the piston is returned to the 
cocked position by pumping hydraulic oil into the forward 
section of chamber B. This action also recompresses the 
nitrogen gas into chamber A to the original firing pressure. 
By changing the firing pressures the energy is varied, and 
by changing the weight the velocity of the ram is varied. 
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Mechanical Forming 


Dynapak is a pneumatic-mechanical machine which releases stored 
high-pressure nitrogen gas to accelerate a piston to a high velocity. 
This principle of forming offers to the metal forming 

industry a high energy rate device which can be used in forging, 


extruding, compacting, shearing, and blanking. 





Forged Gas-Tight Part 


The pneumatic-mechanical form of high energy rate was 
used to produce a forged gas-tight corner which is struc- 
turally sound and required a minimum of machining. The 
part, shown on the right in Fig. 14, is used in the Convair 
880 airliner. It was being machined from the 4-lb 10-oz 


Hot-Forged 
19-9 DL Stainless Steel 


An example of what can be done with high energy rate 
applied to a part made from 19-9 DL stainless steel is shown 
in Fig. 16. This part had been machined from typical 
blocker forgings. By applying the high energy rate prin- 
ciple, the results showed a reduction of raw materials from 
$3.20 to $0.84. Tooling costs were reduced from $1200 to 
$600, and machining operations reduced from 7 to 2. The 
result of the above reductions was a 75% overall savings by 
the customer. Another major factor was realized when this 
process was applied to forge the flange. When forged at 
2100 F and hot-cold worked at 1500 F, greater strength 
and more uniform and controllable work-hardening re- 
sulted. 
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Fig. 15 


blocker forging, shown on the left in the same photo, to a 
finish weight of 10 oz. 

The same part finished forged from 2014 aluminum alloy 
in two strikes is shown in Fig. 15. The only machining re- 
quired is the flash trim and the attach hole drilling. This 
method of producing the gas-tight corner has resulted in a 
dollar savings of approximately 63% over the original 
method. 
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TRANSISTOR-SWITCHED 
IGNITION SYSTEM | 
MAY REPLACE | 
INDUCTION COIL 


... for applications where a premium can be paid for reliability. 


Induction Coil versus Slow Coil 


peters of back voltage in conventional ignition coils is im- 

possible because they operate on the induction coil principle. F 
A high-tension transformer, the slow coil of yesteryears, had to 

be considered if germanium transistors were to be used for tran- 

sistor switched ignition systems. 


The high-tension transformer was abandoned in the early 
1920’s in favor of the induction coil for reasons both economic 
and operational. 


The induction coil was smaller, lighter, and cheaper to con- 
struct. In addition, the induction coil with its 1500 to 2500 cycle 
secondary wave front exhibited appreciably better ability to fire 
carbon-fouled spark plugs than the approximately 500 cycle 
transformer. This difference in performance under resistive 
load is shown in Fig. 4. (See page 49.) 


On the other hand, the induction coil, with its inherently high 
primary inductance and high primary-induced voltage, brought 
with it much more serious contact problems. These character- 
istics of the induction coil are capable of initiating and sustain- 
ing an appreciable arc at the separating contacts resulting in 
severe burning and metal transfer (Fig. 13). (See page 51.) 


The early ignition coils took this more or less in stride since a 
relatively low primary current could provide adequate voltage 
for the low compression engines of that day. The increased 
current requirements of modern ignition, however, have seri- 
ously shortened contact life. 


The return to the slow coil provides a measure of relief in con- 
tact life, permits the use of transistors, and gives at least equal 
performance under fouling conditions. 


HULA 


ST 
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HIGH-VOLTAGE TRANSISTORIZED IGNITION 

SYSTEM has been designed which can be used 
interchangeably with the present conventional in- 
duction coil. Using a slow coil (high-tension trans- 
former) the transistorized system features: 


1. Voltage output which is relatively flat through- 
out the engine speed range. 

2. Reduced contact current giving unlimited elec- 
trical life and reliability of contacts. 

3. Performance under fouling conditions at least 
equal to the present induction coil. 

4. Voltage ceiling flexibility — the voltage can be 
raised to provide for possible future engine designs. 


Transistorized ignition circuit 


Fig. 1 shows a transistorized ignition circuit. The 
principle of operation is based upon the transistor’s 
ability to amplify current. When the contacts close, 
a small current flowing through the emitter-base 
circuit will switch on the transistor permitting a 
larger current to flow through the emitter-collector 
(Fig. 2). The current gain, or amplification factor, 
is a function of this transistor itself. 

Fig. 3 shows the current carried by the electrical 
contacts compared to the current switched by the 
transistor. The amplification is about 30 to 1; con- 
tact current is about 0.250 amp while transistor or 
system current is approximately 7.5 amp. 

The relatively flat output voltage (Fig. 4) is ob- 
tained because of the fast rise of current to design 
value due to the relatively low primary inductance. 

Diode D, (Fig. 1) provides a means of reverse bias- 
ing the emitter to base junction when the distributor 
contacts S, are open. This insures transistor cut-off 
even at high temperatures. Resistor R, allows a 
small current to flow through D, continuously, thus 
there is a 0.5-0.75 v drop across D,. Since the tran- 
sistor base is connected to the positive side of the 
diode through R, and the emitter is directly con- 
nected to the negative side of the diode, when the 
contacts are open, the base is at a potential of 0.5- 
0.75 v positive with respect to the emitter which 
guarantees transistor cut-off. This action is en- 
hanced by keepng R, as low as possible but R, can- 
not be too low or it would allow too much current to 
flow through the contacts on make. 

The diode has a peak inverse voltage rating of suf- 
ficient magnitude to protect the circuit in case it is 
connected with reverse polarity. During the dwell 
period when the contacts are closed, the transistor 
base is directly connected to the collector, allowing 
maximum current to flow. Transistor impedance 
when full on is about 0.10 ohm. Initial current flow 
is limited by the inductance of the primary of the 
high-voltage transformer T, but finally by the bal- 
last R,. Note that the traditional condenser across 
the primary contacts (S,) has been eliminated. 

Figs. 5 and 6 compare the characteristic voltage 
wave forms induced in the primary and secondary of 
the conventional and transistorized systems. The 
primary induced voltage of the transistorized system 
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Fig. 1 — Transistor switching high-voltage ignition system. 
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Fig. 2 — Transistor — photograph with cover re- 
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TRANSISTOR-SWITCHED 
IGNITION SYSTEM 
MAY REPLACE 
INDUCTION COIL 


... continued 


is about 60 v; about one-fifth the voltage induced in 
the induction coil primary (Fig. 5). The frequency 
of the secondary voltage wave of the induction coil 
is about 1500 cycles as opposed to a 400-cycle wave 
in the slow coil (Fig. 6). 


Design features and advantages 


Thus, a high-voltage transistorized ignition sys- 
tem has been designed which can be used inter- 
changeably with the present conventional induction 
coil (Fig. 7). Its design features and advantages 
are: 


1. Voltage output is relatively flat throughout the 
speed range (Fig. 4). 

2. Contact current has been reduced giving un- 
limited electrical life and reliability of contacts 
(Figs. 3, 8, 9). 

3. Performance under fouling conditions 
least equal to the present induction coil. 

4. By appropriate changes in system parameters, 
the voltage ceiling can be lifted on demand to pro- 
vide for possible future engine designs. 

5. The coil package is rugged and may be located 
in ambients up to 350 F (Fig. 10). 

6. The separate transistor heat sink permits loca- 
tion in areas where the ambient does not exceed 180 
F (Fig. 10). 

7. The system is designed for negative ground and 
is protected against inadvertent reversal of primary 
polarity. 

8. The system is adequate for starting with battery 
voltages as low as 6 v in a 12 v system. 


is at 


Immediate applications 


Obviously, the price of the package will be high 
when compared to the coil and condenser it will re- 
place. There are, however, certain commercial ap- 
plications which can justify the added cost when 
overall. system reliability and longevity are prime 
economic factors. Some applications which appear 
to offer a ready market are: 


1. Stationary engines providing pumping or 
standby power for the utilities industries. 

2. Stationary engines providing power for heat 
pumps, air conditioning units, irrigation pumps, and 
such. 

3. Certain commercial fleet applications. 

4. Certain off-the-road and agricultural equip- 
ment applications. 


Future applications 


Several methods of combating the fouling prob- 
lem through system design have intrigued designers 
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Fig. 3 — Current amplifying characteristics of transistor in ignition sys- 
tem. Collector current switched by transistor (top), base current 
switched by contacts (bottom). Horizontal axis: 13.7 milliseconds per 
inch. Vertical axis: 5 amperes per inch. 


Fig. 6 — Secondary wave forms of transistorized ignition system and 
conventional ignition systems compared. Secondary voltage of transis- 
torized system (top). Secondary voltage of conventional system (bot- 
tom). Dual beam oscilloscope. Horizontal axis: 250 microseconds per 
centimeter. Vertical axis: 10 kilovolts per centimeter. 
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Fig. 4 — Comparative performance of transistor and conventional igni- 
tion systems. 


Fig. 5 — Primary wave forms of transistorized and conventional ignition 
systems compared. Primary voltage of transistorized system (top). 
Primary voltage of conventional system (bottom). Dual beam oscillo- 
scope. Horizontal axis: 13.7 milliseconds per inch. Vertical axis: 500 
volts per inch. 
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Fig. 8 — Direct compari- 
son of contacts from sys- 
tems after 44,000 miles 
endurance tests. 
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. continued 


for many years. Although there is considerable dif- 
ference in configuration of the various systems and 
their components, they all have at least two charac- 
teristics in common: 


1. They involve charging a capacitor and then dis- 
charging it across the spark gap. This results in 
an extremely high frequency discharge, usually in 
excess of one megacycle. These systems will, then, 
cause a spark to occur at the plug even with low 
values of shunt resistance. 

2. They all require more energy input than is 
available with conventional switching techniques. 
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Fig. 9 — Direct compari- 
son of contacts from sys- 
tems after accelerated 
cold tests at — 20 F. 


A second, and concurrent, phase of our develop- 
ment program involved the application of tran- 
sistor switching concepts to the more promising 
antifouling systems. 

Two basic types of systems are involved: 


1. High voltage — auxiliary gap (Fig. 11) 
2. Low voltage — condenser discharge (Fig. 11) 


Although there have been reputable brand spark 
plugs on the market for years incorporating series 
gaps, their use has been restricted to special appli- 
cations. The induction coil system is not capable of 
developing the voltage required by the combination 
auxiliary — spark plug gap at starting and through- 
out the speed range (Fig. 12). 

The transistorized system makes adequate voltage 
available as shown in Fig. 12. With the energy prob- 
lem solved, research now revolves around develop- 
ment of an optimum series gap configuration. 

The second system under development requires 
the use of special shunted surface gap spark plugs. 
A schematic of the system is shown in Fig. 11. 


To Order Paper No. 132A... 
...On which this article is based, turn to page 6. 
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Fig. 10 — Prototype 
transistorized ignition 
system. 
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Fig. 12 — Typical available and required voltages for transistor-switched, 
series-gap, and conventional ignition systems over engine speed range. 


MAY, 1960 


Fig. 11 — Schematic dia- 
grams of practical series- 
gap and low-voltage 
antifouling ignition sys- 
tems utilizing transistor 
switching technique. 
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Fig. 13 — Photograph of bridge and arc between breaking contacts in 
induction coil system. 
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New Energy-Storing Device 


Solar-to-Electric Energy 


>» Measured potentials of experimental cells are 
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W TWO-STAGE DEVICE for converting solar 

energy into electrical energy promises operating 
efficiencies comparable with current photovoltaic 
devices — and acts as its own storage battery. 

First stage will convert solar to chemical energy 
by the photochemical isomerization: of trans to cis 
organic acids. (Cis and trans indicate two forms 
of geometrical isomers.) The next stage converts 
chemical to electrical energy by means of electro- 
chemical concentration cells. 

Concentration cells using cis and trans acids have 
been constructed, and potentials approaching the 
theoretical value of about 0.1 v were measured. 
Maximum electrical power measured in the various 
systems was 2-3 microwatts per sq cm of electrode 
area, despite high internal resistances. Techniques 
for reducing these resistances are being investigated. 


Method 


Ultraviolet radiation causes geometrical isomers 
to change from one molecular configuration to an- 


Table 1 — Physical Properties of Various Cis-Trans Acids 


Solubility 
at 25C 
(Molality) 


x 10°? 6.72 

x 10°* 0.06 

x 10° 27.7 

x 10°* 0.21 

x 10°* 1.12 

x 10° 0.0027 

x 10° To be determined 
x 10° To be determined 


Dissociation 
Constant 


Molecular 
Weight 


Maleic Acid 116 
Fumaric Acid 116 
Citraconic Acid 130 
Mesaconic Acid 130 
Cis-Cinnamic Acid 148 
Trans-Cinnamic Acid 148 
Angelic Acid 100 
Tiglic Acid 100 


“i 
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consideration. Research to reduce high 


pay off in higher maximum power 


other. The photostationary state of the isomers 
(that is, the equilibrium concentration of the cis 
and trans forms under ultraviolet illumination) 
favors the cis form. As the cis form is thermo- 
dynamically less stable, some of the radiant energy 
is stored as chemical energy. 

The next step is to recover the stored chemical 
energy in an electrochemical manner. If two solu- 
tions containing the same ion at different concen- 
trations are connected by an ion bridge, a potential 
difference exists as a result of the concentration 
difference. Such an electrochemical cell is known 
as a concentration cell. 

Table 1 shows the various physical properties of 
cis and trans acids that are of interest in the pro- 
posed electrochemical mechanism. The cis-isomer 
is always much more soluble than the trans-isomer, 
and it also has a higher dissociation constant. Both 
the cis and trans acids will ionize in water to give 
hydrogen ions. However, because of the differences 
in the dissociation constants and solubilities, there 
will be more hydrogen ions in a saturated cis-acid 
solution than in the corresponding trans-acid solu- 
tion. Therefore, a potential difference will exist 
between saturated cis-acid and trans-acid solutions 
when these are connected by an ion bridge. 

Using the data in Table 1, cells composed of satu- 
rated solutions of the various cis-trans isomers 
would have theoretical potentials as follows: maleic- 
fumaric, 0.095 v; citraconic-mesaconic, 0.083 v; cis- 
trans cinnamic, 0.095 v. Experimental cells of the 
first two systems have been constructed. 


Construction of solar concentration cell 


Fig. 1 shows the proposed solar concentration cell. 
In the operation of the cell, both sides would be 
filled with a saturated solution of the trans acid. 
A large excess of the solid trans acid is placed inside 
A, and this side is exposed to the incident radiation 
while side B is shielded. 

The dissolved trans-acid on side A is changed 
photochemically into the cis form of the acid re- 
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Promises Efficient 


Conversion 


low, but warrant further 
internal resistance should 


per unit electrode area. 


sulting in the solution of more and more of the solid 
trans acid. It has been verified experimentally 
that, even in an unstirred solution, a large dissolu- 
tion of the solid trans acids occurs in saturated solu- 
tions of trans acid under the influence of ultraviolet 
light. This indicates conversion to the cis form and 
subsequent dissolution. 

The trans-to-cis isomerization occurs whether or 
not current is being drawn from the cell. In fact 
the longer the cell is irradiated before power is 
drawn from it, the larger the power that is avail- 
able. Provided the cell is “charged” during a period 
of daylight, current may be drawn in either periods 
of daylight or darkness. 

Experimental concentration cells identical to that 
shown in Fig. 1 have been constructed. Because 
they were made of “Pyrex” glass which is opaque to 
ultraviolet radiation, photochemical conversions 
were not carried outin them. They were filled with 
various concentrations of cis and trans acids. Open 
circuit voltages were measured; Table 2 shows the 
results. In the cases where the inert salt, potas- 
sium chloride, was added, the potentials are equal 
to or greater than the theoretical values calculated 
by equation. The potentials greater than the the- 


) 


Fig. 1 — Proposed solar concentration cell. Side A is exposed 
to incident radiation. (hv-E, where E is the energy of each 
quantum of light of frequency v, and h is Planck’s constant.) 
Side B is shielded; P is porous disk. 


oretical probably indicate the solutions are not ideal 
(activities should be used in place of concentra- 
tions). Errors in reported solubilities could also 
explain these results; or the liquid junction poten- 
tial may be responsible. However, the presence of 
potassium chloride makes the latter alternative 
seem remote. It is felt that the potassium chloride 
functions only to lower the internal resistance. 


Discussion 


Table 3 shows the heats of isomerization of the 
various cis-trans systems, together with the calcu- 
lated maximum wave length of incident radiation 
necessary to promote the isomerization. 

Note that the maximum wave lengths necessary 
to promote the trans-to-cis isomerization in these 
compounds occurs in the infrared region of the 
spectrum — while all experimental investigations 
have been conducted in the higher energy ultra- 
violet region. There is no apparent reason for the 
reaction not proceeding in visible light. For the 
acids indicated, the probable reason that the trans- 
cis isomerizations haven’t been observed in the visi- 
ble is that the solutions are transparent in this 


Table 2 — EMF of Cis-Trans Concentration Cells 


Concentration 
of Trans-Acid, 
Molality 


Concentration 
of Cis-Acid, 
Molality 


System 


Maleic-Fumaric Acid 
Maleic-Fumaric Acid 
Maleic-Fumaric Acid 
Maleic-Fumaric Acid 
Maleic-Fumaric Acid 
Citraconic-Mesaconic Acid 
Citraconic-Mesaconic Acid 
Citraconic-Mesaconic Acid 
Citraconic-Mesaconic Acid 


ocooossssco 
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Concentration Theoretical Experimental 
KCL EMF, v EMF, v 


0.033 
0.033 
0.033 
0.095 
0.095 
0.019 
0.019 
0.83 


0.006 
0.035 
0.035 
0.010 
0.111 
0.002 
0.024 
0.008 
0.100 








spectral region. Research aimed at finding a photo- 
sensitizer to cause the cis-trans isomerization to 
occur in the visible region of the spectrum is being 
carried out. 

The amount of chemical energy available from 
saturated solutions of cis and trans acids is given 
by .the free energy of isomerization. These are ap- 
proximately equal to the heats of isomerization 
shown in Table 3. Maximum efficiencies for the 
conversion of chemical energy to electrical energy 


Fig. 2 — Power-voltage 
curve for saturated maleic 
fumaric acid system in one 
normal potassium chloride. 
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Fig. 3 — Power-voltage 
curve for saturated citra- 
conic mesaconic acid sys- 
\ tem in one normal potas- 
\, sium chloride. 
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have been calculated and are also shown in Table 3. 
These efficiencies are comparable to the maximum 
efficiency calculations for most heat engines. 

The experimental concentration cells were oper- 
ated at various external resistances in order to de- 
termine the maximum power per unit electrode area. 
Figs. 2 and 3 show the results for saturated maleic- 
fumaric acids in one normal potassium chloride and 
for saturated citraconic-mesaconic acids in one nor- 
mal potassium chloride. Maximum in the curves 
corresponds to the maximum power obtainable from 
the particular system. These curves substantiate 
what can be proved theoretically — that the maxi- 
mum power occurs at the point where the external 
resistance equals the internal resistance. 

Despite the fact that these concentration cells 
contained a large amount of inert salt, the internal 
resistances were large; about 800 ohms in the 
maleic-fumaric, and about 1200 ohms in the citra- 
conic-mesaconic system. 

Most probable cause of the high internal resist- 
ance is the existence of the porous disk separating 
the two half cells. In all of the experiments re- 
ported, the disk was of “fine” porosity; however, 
experiments using disks of different porosity are 
contemplated. Another way of separating the two 
half cells and greatly lowering the internal resist- 
ance would be to use an anion permeable membrane. 
These could be made permeable to maleate ions 
alone, and thereby such a low internal resistance 
separator would also reduce thermal diffusion losses 
to zero. If the internal resistance of the concen- 
tration cell can be lowered, the maximum power 
per unit electrode area can be very considerably 
increased. 

While Figs. 2 and 3 indicate power per unit elec- 
trode area, this should not be confused with the 
geometrical size of the electrode or the area of the 
solution exposed to the incident radiation. It is 
possible to obtain physically small electrodes pos- 
sessing very high surface area; and these electrodes 
need not be exposed to the radiation for the opera- 
tion of the cell. From the standpoint of ultimate 
power, the important factor is the total radiation 
absorbed by the cell solution. This is a function of 
the exposed solution area, light intensity, solution 
absorptivity and length of the absorption path. All 
of these factors may be varied at will by appropriate 
means. 


To Order Paper No. IS9F .. . 
...On which this article is based, turn to page 6. 
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Table 3 — Energy Relationships in Cis-Trans Acid Systems 


Heat Maxi- Maxi- Maxi- 
of mum 


mum 
cris, Weve : ae 
( keal/ 7 dans 
mole) stroms) stroms) ' % Y 
Maleic-Fumaric Acids 6.1 46,800 10,900 35.6 
Citraconic-Mesaconic Acids 2.7 105,500 12,600 70.5 
Cis-Trans Cinnamic Acids 6.8 42,000 10,600 32.0 
Tiglic-Angelic Acids 8.4 33,900 10,000 


* No activation energy is assumed. 
* Activation energy of 20 kilocal/mole assumed. 


System 
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Do's and Don'ts to Develop... 


Qualified CSD Systems 


Based on paper by 


A. V. Chavez and J. L. Burgess 


Boeing Airplane Co 


ONSTANT-speed-drive systems can be designed 

to qualify on all counts without costly retrofit 
programs. There are four simple rules for vendor 
and airframe manufacturer to follow. These are: 


1. Assume that any malfunctions that 
occur — even very minor ones — wiil grow 
up to plague the production article. Act to 
obtain a very positive design fix. 


2. Give the “white glove” treatment to 
any lubricant leakage. Don’t settle for 
blaming it on the instrumentation: be crit- 
ical of the instrumentation as well. 


3. On making a design change after de- 
velopment, qualification test, or both, don’t 
rely on the designer’s good intention and 
faith in the design fix, or on your intuition 
as an experienced engineer that it will work 
out — ask the machine. Answers will come 
from well-planned, honest testing. Don’t 
be satisfied with token testing on the as- 
sumption that a particular design change 
has worked well in similar applications. 


4. Don’t let pressure from manufacturing 
and sales departments compromise testing. 
We all want to compromise or use our ex- 
perienced judgment when faced with 
schedule pressure. Duress leads to snap 
decisions which are not as good as the care- 
fully planned test program carried out by 
competent engineers. 


From experience at Boeing, we have accumulated 
certain design criteria which can serve as guides to 
designers working with drive systems. They are as 
follows: 


Nine design criteria 


1. Safety can be designed initially into any pneu- 
matic unit. Compromise is unnecessary. Turbine 
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wheel designs 100% failsafe have been proved by 
manufacturers. And to obtain them several ap- 
proaches have been used: 


a. Bucket shedding. 

b. Aerodynamic speed limiting. 

c. Exhaust orifices. 

d. Overspeed turbine wheel retaining nuts. 


A design is adequate if the turbine wheel is in- 
capable of bursting under any design condition, or 
allows burst with 100% containment. 

2. Overspeed protection must be installed on the 
turbine wheel. No other location is acceptable. 

3. Bearing failures are likely to occur, though in- 
frequently, and failures can be hazardous. Designs 
have been developed which give considerable protec- 
tion from severe damage. Failure detection with 
subsequent shutdown is available. Moreover, there 
are shutdown systems for protection in case of oil 
pressure loss. 

4. Where two valves are used in a series (such as 
an on-off valve and a governing valve), a dual shut- 
down system should be used. Any reason for shut- 
down — deliberately by operator, overspeed, loss of 
oil, bearing failure —should cause both valves to 
snap shut. 

5. Extreme care must be used when designing a 
hydromechanical system to insure that an uninter- 
rupted oil flow is maintained in the drive during an 
“O” or negative “G” maneuver. 

6. Before choosing magnesium for a housing ma- 
terial, give careful consideration to corrosion prob- 
lems. 

7. Increased efficiency at the expense of some 
added weight in some systems will buy increased 
airplane range. It should not be ignored. 

8. Use nonmagnetic base materials for bearings in 
control loop systems. 

9. Establish rigid processes and controls if weld- 
ing or brazing is used in the manufacture of com- 
ponents. Hardware having brazed joints and lo- 
cated in the vicinity of the engine is subject to 
failures induced by vibration. 


To Order Paper No. 128B .. . 
...0n which this article is based, turn to page 6. 
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Suspension System 
Differences 


in the COMPACTS 
Are 


Tremendous 


LL six of the domestic cars and four typi- 
cal foreign cars analyzed by Author Bond 
have independent front wheel suspension. 
BUT there the similarities stop. 


This second of three articles analyzing 
compact car designs, is a fact-filled, inter- 
pretive study of the “what” and “why” of 
1960 ‘“‘compact” front and rear suspension 
systems. 


(First article of this series appeared last 
month in the April SAE Journal. 


NEXT MONTH (June) will appear the 
final article in this series by Bond, entitled, 
“Are the Compacts of the World in a HORSE- 
POWER RACE?” 


N THIS article, as in the others of this 

series, Bond concentrates on the analysis 
of the six domestic compacts: Corvair, Falcon, 
Lark, Rambler A and B, and Valiant, and four 
typical foreign cars coming within the ac- 
cepted definition of a compact (100-110-in. 
wheelbase). The foreign cars are: Jaguar 3.8, 
Fiat 2100, Mercedes 220, and Peugeot 403. 


Based on paper by 


John R. B 


ond 

HE six domestic compacts and the four foreign 

cars being analyzed all have independent front 
suspension — but, apart from that, the differences 
in the suspensions are tremendous. (Statistical data 
on the suspensions for the domestic compacts are 
given in Tables 1 and 2.) 

The Corvair uses a conventional short-and-long- 
arm, coil-type front suspension, but the unit is a 
complete subassembly, a practice borrowed from 
many years of prior experience. However, the ear- 
lier Chevrolets (as far back as 1934) bolted the cross- 
member-with-suspension directly to the frame, 
whereas the Corvair uses large rubber insulators. 
This gives shock isolation in depth at some cost in 
weight and/or “frame” rigidity. It looks very good 
from a service standpoint. 

The Falcon independent front suspension is also 
of the sla-coil type, but its spring is mounted most 
unusually — just above the upper arm. (See SAE 
Journal, April, 1960, p. 38.) Since this type of 
mounting could put severe cocking stresses into the 
spring, the seat at the arm is arranged to pivot, so 
insuring relatively straightline action. The Falcon 
has the highest roll center of any U.S. car: 2.5 in. 

The Valiant front suspension is very similar to, 
but smaller than, the parent firm’s sla system with 
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Table | 
Front Suspension Details 


Wheel 
Rate, 
Ib/in. Min 


Coil 86 62 
Coil 80 70 
Bar 105 70 


Coil 67 57 
Coil 109 72 
Coil 83 68 


Spring 
Type 


Corvair 
Falcon 
Valiant 


Lark 6 
Rambler A 
Rambler B 


VUVUUUEEDODE TOE ADOR LEO EOEEEDOEE DED DEOPODEE CETTE TEED 
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Table 2 


Rear Suspension Details 


Wheel 
Rate, 
Ib/in. 


Width « 
Length, in. 


Spring 
Type 


Coil _ 192 
Leaf 2.0 x50 94 
Leaf 2.5 x55 125 


Leaf 25 x51 97 
Leaf 1.75 x 45 100 
Coil _— 96 


Corvair 
Falcon 
Valiant 


Lark 6 
Rambler A 
Rambler B 


torsion bars. An interesting deviation is placing the 
adjustment for standing height at the drive end of 
the bar, rather than at the anchorage. This was 
done for ease of access and lessened corrosion attack. 

The Lark system is more conventional and its dis- 
tinguishing feature is the time-tried Studebaker 
knuckle support with one needle bearing, one bronze 
bushing, and one ball thrust bearing at each steer- 
ing pivot. Here we also find the only application of 
a variable-rate coil spring via a change in helix 
angle, which progressively puts coils out of action. 

Both Ramblers continue with their own independ- 
ent front suspension system, in which the coil spring 
seats on a stamped steel pan concentric with the 
kingpin axis. Thus, the spring rate is also the wheel 
ride rate and no swivel-seat is necessary. This loca- 
tion also gives very good antiroll resistance. 

The French Peugeot (Fig.:1) continues with its 
tranverse leaf spring acting as lower wishbones. 
The upper wishbone pivots are piston-type shock 
dampers. The leaf spring has double wrapped eyes, 
9 leaves of 2.76-in. width, and measures 43.4 in. long, 
center to center. The designed load is 1300 lb; its 
rate is 272 lb per in., equivalent to a wheel ride rate 
of about 136 lb per in. 

Jaguar (Fig. 2) and Mercedes (Fig. 3) both use 
conventional sla-coil arrangements. The Jaguar 
and Mercedes assemblies are in a unit with the front 
cross-member, but only the Mercedes uses rubber in- 
sulators between the member and the chassis-frame. 
The latest Jaguar sedans have raised the front roll 
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Oscil- 
lations/ 


Roll 
Rate, 
Ib/in. 


182 
260 
232 


157 Optional 
—_ No 
_— No 


Roll 
Bar 


Anti- 
dive 


No 
Yes 
No 


45% 
35% 
70% 


No 
No 
No 
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Roll Dis- 
tribution, 
% front/ 
% rear 


66 38/62 
82 62/38 
69 48/52 


83 46/54 
74 i 
67 — 


Oscil- 
lations 
per Min 
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center to 3.25 in. above the ground for better han- 
dling and cornering power. Fiat uses a system 
rather similar to that of the Valiant, as shown in 
Fig. 4. 

At the rear we also find remarkable variations, 
though conventional leaf springs with Hotchkiss 
drive predominate. As is well known, the Corvair 
uses an independent setup with single swinging arms 
on each side and arranged with diagonal axis. 

Both Falcon and Valiant use asymmetric leaf 
springs, the front/rear dimensions being 22/28 in. 
in the Ford product and more extreme — at 20/35 in. 
in Plymouth’s compact. The Falcon’s front mount- 
ing uses a 2-in. rubber bushing, as does the new 
Comet in which the entire Falcon rear-axle and 
spring assembly has been moved aft by 4.5 in. to get 
a longer wheelbase. Incidentally, the Comet’s ride 
is definitely softer than that of the Falcon. The 
published front/rear oscillations per minute figures 
are: Falcon 70/82, Comet 60/70, This is more differ- 
ence than can be attributed to the 90-lb extra wéight 
of the Comet. 

The Peugeot uses torque tube drive with coil 
springs in a layout very similar to that of the Ram- 
bler B. Fiat’s rear suspension is similar to one they 
have used for 10 years with a quarter-elliptic spring 
used to anchor the rear axle and coils serving as the 
springing medium (Fig. 5). Mercedes’ low-pivot 
swing axle is well known. Fig. 6 shows the latest de- 
sign. The central or “compensating” spring has 
been adopted to allow lower ride rates without bot- 
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Fig. | —- Peugeot in- 
jJependent front 
suspension 


rm 


Jaguar independent front suspension 


shows changes made to raise roll center from ground leve 
to point 3.25 in. above the ground. Plus marks 
location of pivot points on earlier models, before change 


Suspension System Differences in the 
Compacts are TREMENDOUS 


. continued 


toming, and these cars (the 220, 220-S and 220-SE) 
now exhibit a slight understeer at all times. 

Jaguar’s 2.4, 3.4, and 3.8 sedans have the most un- 
usual rear suspension of all (Fig. 7) — by cantile- 
vered leaf springs. Rubber is used profusely and 
the riding qualities are truly remarkable. Obviously, 
this arrangement ties in well with unit construction. 

Although the Swedish Saab is too small to be clas- 
sified as a compact (its wheelbase is 97.9 in.), it has 
a most unusual rear suspension, as shown in Fig. 8. 
This being a front wheel drive car, there is a “solid” 
rear axle. This takes the form of a curved tube, an- 
chored at the center by a rubber bushing. Links on 
each side locate the wheels and in roll the geometry 
is such that the axle tube tends to be bent. This 
sets up extra roll resistance, yet allows moderate 
wheel ride rates. In some respects, this approach is 
very nearly the opposite of the Mercedes-Benz com- 
pensating spring. 


To Order Paper No. 152B .. . 
...On which this article is based, turn to page 6. 
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Fig. 5—Fiat rear 
suspension. 





> — Mercedes rear suspension 


Fig. 7 — Jaguar rear suspension. 


Fig. 8 — Saab rear suspension. 





Fig. | — Sketch of thermal-oxidation stability test apparatus. 


Thermal-oxidation 
bench test 
developed for 


e-p gear lubricants 


N. T. Meckel and R. D. Quillian, Jr. 
Ordnance Fuels & Lubricants Research Laboratory 


esearch Institute 
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2 — Cross-section of gearcase. 


HERMAL-oxidation stability of extreme-pressure 

lubricants (conforming to MIL-L-002105A spec) 
can now be evaluated in the laboratory by means of 
a test that correlates well with field service results. 

The new bench test procedure replaces the previ- 
ously used “glassware” tests, which proved unsatis- 
factory because the data it produced were inconsist- 
ent and not comparable with field results. The new 
thermal-oxidation stability test is more satisfactory 
because it more nearly simulates conditions and 
phenomena encountered in the field. 

A sketch of the apparatus used for this test is 
shown in Fig. 1. Heart of the apparatus is the gear- 
case, shown in cross-section in Fig. 2. 

Specifically, the important conditions of operation 
of actual transfer cases and differentials that the 
new technique was designed to duplicate more 
closely than do the “glassware” tests are: 


1. Gear operation: The service unit involves the 
operation of gears, which subjects the lubricant on 
the working teeth to shear stress. 

2. Gearcase heating due to friction of gears and 
bearings and internal friction of the lubricant, 
rather than from an external heat source. The gear 
friction is undoubtedly the largest source of heat 
and the working gear teeth are the hottest parts of 
the system. The oil is subjected to shear stress on 
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VENT TUBE 

CASE AIR INLET 

TEST GEAR, 50 TEETH 

TEST GEAR, 34 TEETH 

GEAR SHAFT, DRIVING 

GEAR SHAFT, DRIVEN 

GEAR RETAINING NUT, RH THREAC 

GEAR RETAINING NUT, LH THREAD 

TEST BEARING BUSHING 

10 SPACER BUSHING 

i TEST BEARING 

12 TEST BEARING CLAMP 

13 BAFFLE PLATE 

14 OUTER SLINGER, LOWER 

1s OUTER SLINGER, UPPER 

16 SEAL PLATE 

17 INNER SLINGER, LOWER 

18 INNER SLINGER, UPPER 

19 SLINGER BUSHING, LOWER 

20 SLINGER BUSHING, UPPER 

21 GEARCASE 

22 GEARCASE SUPPORT 

23 RETAINER BUSHING, LOWER 

24 RETAINER BUSHING, UPPER 

25 PILLOW BLOCK BEARING, LOWER 

26 PILLOW BLOCK BEARING, UPPER 

27 PILLOW BLOCK, LOWER 

28 SPACER, PILLOW BLOCK 

29 PILLOW BLOCK, UPPER 

30 HEATER CASE 

31 WINDOW, GEARCASE 

32 RETAINER, GEARCASE WINDOW , 

33 GASKETS, GEARCASE WINDOW, '1/j6'' THICK 
34 CAP SCREW, GEARCASE WINDOW RETAINER 
35 GASKET, SEAL PLATE = 
36 BOLT, CASE SUPPORT TO PILLOW BLOCK S$ 
37 BOLT TUBE 

38 PILLOW BLOCK SUPPORT 


ena weuwn- 


| 
| 


T= THERMAL-OXIDATION STABILITY TEST did- 
cussed here marks the last of a number of tests d 
veloped for determining the performance of extreme 
pressure gear lubricants to meet the new military spec 
MIL-L-002105A (which was issued in December 1958, 
as a revision of MIL-L-2105). In addition to the the 
mal-oxidation stability test, the new spec includes: 
high torque tests, high-speed and shock tests, and a 
moisture corrosion test. 

The first two tests have already been covered in SAE 
Journal as follows: 


e The L-37 technique, which combines in a single 
test both high-speed and high-torque requirements 
(SAE Journal, December 1957, p. 32). 


e The L-42 technique, which measures antiscoring 
properties of gear lubricants under high-speed and 
shock-loading conditions (SAE Journal, December 
1958, pp. 46-48). 


The new specification has much more severe require- 
ments than its predecessor because, in the past few 
years, increased speeds and loads in gearing of commer- 
cial and military automotive equipment have brought 
a general increase in severity with respect to gear scor- 
ing, wear, and higher operating temperatures for the 
lubricant. 

The laboratory and full-scale field programs were 
conducted by the Ordnance Corps and various industry 
laboratories, in cooperation with CRC. 
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the working teeth, which is the highest temperature 
region of the system. 

3. Metals may act as oxidation catalysts in the 
full-size units in ways that differ from those in 
“glassware” tests as follows: 

(1) The gear teeth and bearing load-carrying sur- 
faces, having direct metal-to-metal contact, do not 
build up the same type of deposits as those found on 
the quiescent catalysts used for “glassware” tests. 

(2) The catalyst metals usually are subjected to 
continuous or intermittent oil throw-off or flow 
rather than complete immersion, as is common with 
bench test procedures. 


Oxygen and Temperature 
Effects... 


OLLOWING development of the test technique discussed 
here, it was used to investigate the thermal-oxidative 
degradation phenomena of gear lubricants. 


The effect of oxygen was studied by conducting tests with 
oxygen, air, and various inert gases while keeping the test 
oil temperature constant. The temperature effects were 
determined by conducting tests at various temperatures while 
metering air and other gases into the gearcase. 


The results of this study showed that: 


@ Oxygen, air, helium, and nitrogen atmospheres made 
little, if any difference in the viscosity and oxygenated ma- 
terial content of finished oils. 

@ Oxidation of base oils was accelerated by oxygen and 
retarded by nitrogen and helium atmospheres. 

@ Effect of gear meshing appeared to influence thermal- 
oxidation degradation significantly, although the reaction was 
not catalyzed by the steel test gears or copper. 

@ Deposition was influenced by oil composition and test 
conditions and did not appear to correlate with used oil 
properties. 

@ Polymerization had a strong influence on the degrada- 


tion process. 
@ Certain additives and a number of typical additive com- 
ponents do inhibit the thermal-oxidation process. 


(3) The wear particles are accumulated in the lu- 
bricant at varying rates, depending on the charac- 
teristics of the oil and other factors. Whereas some 
bench test procedures specify a certain amount of 
metal powder of rather uniform particle size to be 
added at the beginning of the test, the wear particles 
from actual units have different surface finishes, 
coatings, and probably vary considerably in particle 
size distribution and in surface-to-volume ratio. 

4. More thorough mixing of air in the oil appears 
to occur in the service units, since most test proce- 
dures rely on bubbling or stirring. The oil, in the 
form of small droplets or spray at an extremely high 
surface-to-volume ratio, is exposed to the atmos- 
phere inside the gearcase during actual operation. 


To Order Paper No. T38 .. . 
...0n which this article is based, turn to page 6. 
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TRUCTURAL ADHESIVES are being used suc- 

cessfully in a variety of automotive applications. 

Their many desirable properties, however, should 
lead to even greater use in the future. 

High solids pastes are currently being used to bond 
stiffeners to exterior body surfaces. They are bond- 
ing to oily metal, and the curing is being accom- 
plished during the paint-curing cycle. Products of 
this nature in production use attain strengths on 
the order of 200 psi in tensile. In addition, they are 
satisfactory as to cold shock, dry-heat aging, water 
resistance, and other passenger-car environmental 
conditions. These pastes also are finding utility as 
an adhesive-sealer in combination with hemming 
operations. Here, spot welding is used to position 
the two halves of the shell, with the adhesive paste 
in the folded metal providing the structural bond. 
Again the bond is to oily metal with the curing ac- 
complished in the paint ovens. 

The bonding of a bracket to an exposed portion of 
the automobile was recently engineered using a film 
structural adhesive. The major economic saving 
was represented by the elimination of metal finish- 
ing of the normal spot-weld blemishes. This saving 
was insufficient, however, to attain the required 
break-even point and the use of structural bonding 
was cancelled. 

The future significance of structural adhesives in 
automobile manufacture has aroused considerable 
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signify bright future for 


Adhesives in Cars 


successful use of structural adhesives in autos 


application in the future. 


thinking on the part of adhesive manufacturers as 
well as automobile manufacturers. Structural ad- 
hesives are particularly adapted to compete with 
present bonding methods for nonferrous materials. 
In some cases they are the only sensible joining 
method. The light-weight nonferrous materials are 
rapidly becoming an integral part of the automobile 
and will bring structural adhesives with them. 

The use of adhesives permit the use of lighter gage 
metals since the load can be spread over a larger 
joining area. The adhesives also provide the means 
of joining dissimilar metals without the hazard of 
galvanic action. The fact that joining with adhe- 
sives forms a seal as well as a bond should not be 
overlooked. Think of the headaches which will be 
eliminated when it is no longer necessary to gunk up 
the drip rail and the trunk gutter with sealer. This 
can be extended to the cowl and floor seams. No 
more asphalt to track all over the shop. This is a 
reality not too far in the future. 

Exterior-coach joint headaches will become a 
thing of the past. Visualize a unitized top in which 
the present system of stiffeners, insulation pads, and 
headlining is replaced with a structurally bonded 
honeycomb. The core materials could be aluminum, 
paper, or some other suitable material while the face 
material could be of reinforced plastic, a decorative 
laminate, or some other suitable decorative mate- 
rial. Such an assembly would have strength and in- 
sulation value with a considerable saving in space. 

The future of adhesives is not limited by any 
means to the automobile body. In fact the use of 
adhesives in the powerplant and its auxiliaries will 
likely cause the most immediate excitement. Here 
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the use of adhesives would permit designs previously 
unattainable. Automotive components have been 
created using adhesives which have given perform- 
ance in excess of present designs. 


Adhesives shine in vibration tests 


A vibrational fatigue test is usually run on struc- 
tural adhesives. In this test a 3, sq in. overlap as- 
sembly is loaded in tensile at 600 psi and then vi- 
brated between 60-600 psi at a frequency of 3600 
cycles per min. Stress is so applied and amplitude 
of vibration is such that the bond is always under 
tension, never in compression. The standard struc- 
tural adhesive will withstand more than 10,000,000 
cycles at room temperature. It is interesting to note 
that at —67 F the aluminum will fatigue fail in this 
test. This energy absorption or damping property 
accounts for the superior fatigue life of an adhesive 
assembly. In one laboratory test, studying joint 
fatigue life for the B-36 design, comparative fatigue 
lives on identical detail parts were: 


Method 
Spot-welded joints 
Riveted joints 18,000,000 
Adhesive-bonded joints 240,000,000 


A 1959 ASTM subcommittee reviewing fatigue 
failure experiences in aircraft found not one in- 
stance of an adhesive bond failure due to fatigue. 
However, there were instances of metal fatigue un- 
der the same conditions. 


> To Order Paper No. 145A... 
...0n which this article is based, turn to page 6. 
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Features of Chrysler's New 


_W. Shank and R. H. Kushl 
include . a ® ) on ae 


Transmission 


COMPLETE FRONT UNDERBODY AS- Cross Member 
SEMBLY of two-piece, “unibody” structure ; Seat Supports 
carries front suspension and power unit. 

Main members include right and left inner 

sills, front structural mounting reinforce- 

ments, and transmission cross-member. In- 

ner sill subassemblies, which include front 

mounts and seat supports, are added to the 

hat-section cross-member that opens down- 

ward, forming the H assembly to which is 

added the front floor pan. All welding is done 

automatically with identical weld pattern for 

every make and model. Only physical dif- 

ferences are: (1) variations in inner sill gage 

for differing wheelbases and, (2) two front 

mounting reinforcements to give maximum 

span between cross-member and front mounts 

on longer wheelbase cars. Front Mount Support 


Inner Sill 


Pinion Carrier Shock Absorber 
Cross Member Cross Member 


REAR UNDERBODY ASSEMBLY carries rear 
suspension. Main members include rear 
longitudinals (rails), front and rear spring 
hanger supports, and four cross-members each 
serving a basic structural function as well as 
providing torsional rigidity. Rails are made 
in two halves, an outer and inner Z-section 
member, welded along bottom surface of re- 
sulting hat-section. Splitting eliminates se- 
vere draw problem and simplifies welding of 
spring hanger supports to rail outer surface. 
Z-section rear cross-member supports bumper 
impact and jacking loads, and transmits rear 
Outer Inner spring loads. Pinion cross-member provides 
Rear Seat Rail = Rail R rear axle carrier nose control. Rear seat 
Cross Member on cross-member provides main tie between rear 
and front underbody assemblies and is, there- 

fore, a torsional member. 


Cross 


\ en Member 


Spring Hanger Supports 
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“Unibody” Construction 


Inner Sill : 
INNER SILL is made of 0.060, 0.075, or 0.090 


gage stock, depending on wheelbase length. 
Outer Sill ma Outer sill is 0.075 stock. Thus, one basic sill 
= section serves all wheelbases and models. A 
reinforcement is added for convertibles and 
Floor Pan bulkheads are placed in the sills of all models 
to distribute input loads and maintain section 
shape. Bulkheads are located at the 4-door 
hardtop center pillar, rear suspension hanger 

bracket, and transmission cross-member. 


Reinforcement 
(Convertible 
only) 


Bulkhead 
(On all body types) 


CENTER PILLAR inner member ties to a gusset which nests be- 

tween the inner and outer sills. Bulkheads and sill outer rein- Gusset 
forcements distribute the pillar loads into the sill without localized 

buckling. By using a good joint between the pillar and sill, advan- 

tage was taken of torsional rigidity and end fixity required for nor- 

mal body loads such that no additional structure is needed to 

withstand rear door hinge and front door slam loads. Note absence 

of an inside brace. 


Front Floor Pan Transmission Front Floor Pan 
Supports and Seat ; Cross Member ; Welded to Inner Sills 
Track Reinforcements Welded to and Transmission 
Welded to Inner Sills inner Sills Assembly Cross Member Assembly 


FRONT FLOOR PAN ASSEMBLY 


Front and Rear Rear inner Shock Absorber, = — 
Spring Supports > and Outer » Pinion Carrier or van 
and Gussets Welded Rails Welded and Reor Cross Assembly 
to Rear Outer Rails Together Members, and Weldedto Rear {JNDERSTRUCTURE ASSEMBLY FLOW 
hank to Gia ——> Rails and Cross CHART. 


Reinforcement Members 


Shock Absorber and Welded to Both Assembly 
Pinion Carrier Cross Rail Assemblies (4 Stages) 
Member Supports Welded 
to Rear Inner Rails 


Floor Pan Extension, Fuel Tank Center Floor Pan 

Reinforcement, and Spare Tire Welded to 

and Jack Hold-Down Brocket > Rear Floor Pan 
Welded to Rear Floor Pan Assembly 


To Order Paper No. 137A... 
REAR FLOOR PAN ASSEMBLY ... On which this article is based, turn to page 6. 
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Fig. | 
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MISSIONS PLANNED for 


Boeing details design and assembly plans for 


A General-Purpose 


Based on paper by 


Wellwood E. Beall 


Boeing Airplane Co 


GENERAL-PURPOSE SPACE CAPSULE (Fig. 1), 
A as Boeing engineers are planning it, can best be 
developed in terms of the following ground rules: 


1. The vehicle is to be assembled in a geocentric 
orbit. 


It will use a low-thrust, nuclear-powered pro- 
pulsion system. 


. There will be no artifical gravity. This vehicle 
will seek weight optimization through simplic- 
ity and volumetric efficiency. 


There will be provision for dual reliability in 
encapsulation. 


The choice of these four arbitrary parameters has, 
with associated considerations, determined the gen- 
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Space Capsule 


Four basic, though arbitrary, design parameters 
selected. Outer space assembly planned 


eral configuration shown in Fig. 2. Reasoning be- 
hind selection of these four parameters runs some- 
thing like this: 


1.... The vehicle is to be assembled in a geocentric 
orbit. Vehicles both partly and wholly assembled in 
space allow the highest degree of weight optimiza- 
tion because it is then not mandatory to design all or 
portions of the structure on the basis of a short burst 
of high acceleration. 

For interplanetary work, where the vehicle is ex- 
pected to be propelled beyond a geocentric orbit, 
weight optimization will remain the most critical 
design objective until the advent of some radically 
different means of propulsion. 


2. The vehicle will use a low-thrust nuclear-powered 
propulsion system. Because this particular study is 
basically a vehicle design, it is concerned primarily 
with overall performance rather than with detailed 
considerations of the propulsion system. 

A low acceleration program was chosen in order to 
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PROPOSED GENERAL-PURPOSE SPACE CAPSULE, showing plasmajet system reactor, and liquid-hydro- 


t a Doon 


er to minimize the weight of shadow shielding required to protect 


WELLWOOD E. BEALL, now Boeing’s senior vice-president, has been designing and 
researching advanced aerospacecraft for many years. Each of the important design 
projects which he has led carried an “in-the-future” tag at the time he started 
work on it. These projects have included such famous craft as the Boeing Strato- 
liners, Flying Fortresses, Superfortresses, Stratocruisers, Stratofreighters, Stratojets, 
the Boeing 707 Jet Transport, and —in recent years — guided missiles. . . . Now 
Beall is working on the Dyna Soar space-vehicle project — a part of which this article 
is concerned with. 


Discussing relationships between aircraft and spacecraft recently, Beall said: 
“Actually the aircraft and the missile industries are synonymous. ... For instance, 
Boeing research leading to the Dyna Soar boost-glide concept antedates that program 
by several years.” 


Beall was an SAE Director in 1951 and 1952. He discussed the full range 
of the Dyna Soar project at SAE’s Aeronautic Meeting in New York last month. 








Fig. 3 

Suggested method 
for ACCOM- 
PLISHING CON- 
STRUCTION of 
a space capsule in 
a geo-orbital po- 
sition 


A General-Purpose 
Space Capsule 


. continued 


examine weight optimization to the maximum de- 
gree. Shown is a plasmajet system, reactor, and liq- 
uid-hydrogen tanks at the extremity of a boom in 
order to minimize the weight of shadow shielding 
required to protect the space capsule. Because this 
vehicle is not called upon to operate within any at- 
mosphere, shielding at the capsule wall is limited to 
the values required for protection against space- 
borne radiation. 

Atmospheric scattering is not a problem and the 

reactor is not particularly fast. The boom structure 
considered here has been the subject of applied re- 
search in the Boeing structures staff. Thin-wall, 
axially corrugated members produce extremely 
lightweight structures for these low-load applica- 
tions while providing the necessary surface area and 
plumbing for cooling the working fluid of the nu- 
clear-power system. 
3. There will be no artificial gravity. This particular 
vehicle again seeks weight optimization through 
simplicity and volumetric efficiency. Artificial grav- 
ity arrangements tend toward elongated, disc- 
shaped, or toroidal volumes, all of which have higher 
ratios of surface area to unit volume than the sphere 
or a volume resembling a sphere. Because surface- 
area shielding is a critical weight item, spheroids 
quickly emerge as leading candidates. 

In addition, a zero-gravity, attitude-stabilized ve- 
hicle avoids the necessity of maintaining certain 
major components in a fixed celestial attitude while 
rotating the remainder. It thus avoids additional 
mechanical, structural, and power requirements, all 
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involving additional weight, complexity, and cost. 
One way an astronaut might schedule his exercise 
and simultaneously avoid long-term exposure to 
weightlessness would be simply to walk around the 
inside of this 40-ft diameter vehicle as in a squirrel 


cage for 5 min in every hour. At a brisk walk of 4 
mph, he will be pulling 1/20 of an Earth gravity. At 
a trot he can approach half a gravity for consider- 
able periods of time depending on his wind. Of 
course, he would either have to be accompanied by a 
companion going the other way for a number of 
turns in proportion to his relative mass or do an 
equal number of turns in both directions himself in 
order not to leave the vehicle in a different attitude 
than when he began. 

4. There will be provision for dual reliability in en- 
capsulation. All interplanetary missions for the 
type of system selected will involve years of continu- 
ous service. The shortest time for a Martian round 
trip by minimum energy orbits is 2.5 years. Perma- 
nent Trojan-point stations involve indefinite life. 

Second only to propulsion for the round trip is the 
function of maintaining the human occupants in an 
atmosphere for the mission duration. Many detailed 
trade studies will be required before the best meth- 
ods of accomplishing this can be stated. 

One promising initial approach is the concept of 
dual reliability. Here we have two separate pressure 
vessels separated by an airlock. Each vessel is com- 
posed of a 20-ft radius hemisphere joined to an ellip- 
soid (or cassinian ovoid) with a semiminor axis of 
10 ft. The two vessels are joined by a cylindrical 
member, which forms the housing for the central air 
lock or hangar deck. The air lock is 14 ft high at the 
vehicle centerline, so the overall capsule length is 
74 ft. Shielding and insulation are applied only to 
the outer shell so the two ellipsoidal members need 
only serve as pressure shells. When the air lock is 
closed and sealed, the entire capsule may be pressur- 
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ized so the ellipsoids are then inactive. Damage con- 
trol of the pressure vessel is provided in two ways. 
Each vessel will house the entire crew complement 
easily while space-suited specialists are making re- 
pairs on the other vessel, and no internal stores or 
installations are located nearer than 18 in. to the 
outer wall so no time-consuming hauling or disas- 
sembly need hinder immediate remedial action. 

Each general purpose space-capsule will have 
three levels. There is no up or down except during 
powered flight. But, for the sake of clarity, the con- 
trol level has been called the top. The seven levels 
are: 


Control. 

. Astrogation. 

. Function stores. 

. Hangar deck. 

. Living. 

. Rest and recreation. 
. Biophysical stores. 


Nylon nets are adequate to separate levels because 
the vehicle is in a weightless state except during 
powered flight. Communication between vessels is 
by two tubes that are open at both ends unless one 
vessel is evacuated for repair. In that event the two 
tubes serve as air locks. Each vessel has an air lock 
to space and an air lock to the hangar deck. Fora 
vehicle of the size shown here, the crew complement 
is 20 men. 

This vehicle is essentially a rubber design in that 
it can be expanded or compressed for differing mis- 
sion requirements. It does, however, seem to em- 
body a highly desirable set of attributes in the light 
of our present concept of space travel. It takes ad- 
vantage of many techniques for controlling weight, 
and consequently cost, while providing for crew 
safety and mission reliability. 


AOTPwWHe 


Building the space capsule 


A suggested method of accomplishing the con- 
struction of the space capsule in a geo-orbital posi- 
tion is shown in Fig. 3. 

For a weight-optimization vehicle that is to be 
propelled into deep space on inteplanetary missions, 
the desirability of carrying materials to orbit in 
small hardy packages and building the structure 
there becomes apparent. With proper planning and 
rehearsal the crew on this job should be able to com- 
plete at least one of the basic pressure vessels, from 
which to operate, in about 6 months. Until then 
they could work inside a plastic balloon without the 
hindrance of space suits. The life of such a balloon 
is, of course, a matter of considerable uncertainty. 

A proposal is illustrated here that a double wall 
would contain a gaseous-chemical indicator with the 
characteristic of a chromatic change in the presence 
of some constituent of the atmosphere on the inside. 
Thus meteoroid penetrations or other leaks could be 
detected and repaired. 

It is quite obvious that this and other proposals 
for similar purposes all entail much research, both 
theoretical and applied. All the trades involved will 
not be clear until the body of specific data on the 
space environment is enlarged considerably. 


To Order Paper No. 165A .. . 
a ...on which this article is based, turn to page 6. 
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IMMEDIATELY AVAILABLE... 


SP-173 


(formerly paper no. 160B) 


. . A specific, up-to-the-minute review of 
metal-joining processes introduced to general 
use since 1956 . . . with information on many 
improvements introduced since 1956 on previ- 
ously used processes. 


By 
P. J. Riepel 
Battelle Memorial Institute 


THIS VALUABLE ROUNDUP covers the follow- 
ing new-since- 1956 developments: 


FUSION-WELDING PROCESSES: 
e Electroslag welding. 
© Short- and dip-arc felding. 
e Electron-beam welding. 
© Arc-spot welding. 


RESISTANCE WELDING: 
e High-frequency welding. 
© Foil-seam welding. 
© Magnetic-force welding 
e Improved controls. 


HIGH-TEMPERATURE BRAZING: 
e Brazing heavy sections. 
e Brazing thin sections. 
e Special brazing techniques. 


SOLID-STATE-BONDING PROCESSES: 
@ Ultrasonic welding. 
¢ Friction welding. 
© Diffusion bonding. 
e Explosive welding. 


CUTTING AND COATING. 


Price to members: $1; nonmembers: $2. 
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Radiotracers Aid Study of 


yliuder wear 


Irradiation of selected sections of large engine parts 


now allows the radiotracer method of determining wear to be extended 


to large engine cylinders. Long used for piston-ring wear 


measurements, the technique now provides accurate results quickly 


and economically for the more important cylinder wear. 


W.C. Arnold and V. T. Stonehocker, 
D. N. Sunderman, 


a € 


W. J. Braun and 


ELIABLE information about engine wear never 

before obtainable can now be determined 
quickly, easily, and economically, thanks to recent 
advances in nuclear reactors and new irradiation 
techniques. These make possible the irradiation of 
selected sections of large specimens, such as cylinder 
liners. 

Although radiotracer techniques have been used 
for some years to measure piston-ring wear, until re- 
cently it was not possible to apply this method to 
larger parts, such as cylinders. Unfortunately, ring 
wear data seems to bear little correlation to wear 
rates of cylinder liners ... and cylinder wear is more 
important than ring wear because cylinders cost 
more to replace. 

With the new techniques, the effect on cylinder 
wear of starting, idling, and cold temperature opera- 
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tion; sudden cold changes; speed; torque; and other 
variables can easily be determined. Simultaneous 
data can be obtained on rings and cylinders and 
other wearing parts of the engine through the use 
of different isotopes and pulse height analysis. 
Local areas can be monitored through selective ir- 
radiation of the cylinder in conjunction with the 
pulse height analysis. 
Various phases of the new technique are: 


@ Irradiation of selected areas of the cylinder 
liner. 

@ Handling and installation of the radioactive 
liner in a diesel engine. 

@ Radioassey procedures for qualitative and quan- 
titative determinations of cylinder wear. 


Irradiation techniques 


The cylinder liner selected for irradiation was 42 
in. long, weighed 160 lb, and was designed for the 
Fairbanks, Morse, 8'g x 10-in. opposed-piston diesel 
engine. 

The liner was irradiated at the inner-dead-center 
position of the compression-ring travel because this 
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New technique gives accurate results... 





N INDICATION of the ac- 

curacy of the detection tech- 
nique and the distribution of the 
debris is given in the illustration 
at the left 


Actually, the percentage of de- 
bris detected in the oil or exhaust 
gas varies considerably, depending 
on operating conditions. 


During test No. 3, for example, 
exhaust debris detection varied 
from 10 to 50% of the total 


The data from test No. 1 (305 
hr) and test No. 2 (210 hr out of 
a total test time of 322 hr) were 


TEST | 2 3 statistically analyzed for standard 
DISTILLATE RESIDUAL VARIABLE deviations. 
FUEL RUN FUEL RUN FUEL RUN 


= MEASURED WEAR 


MMB WEAR DETECTED WY} 


IN LUBE OIL 


WEAR DETECTED 


IN EXHAUST GAS 


WEAR DETECTED 
iN DEPOSITS 


The reliability of the curves rep- 
resenting these data were deter- 
mined by employing the statistical 
methods described by Youden 


The deviation of test No. | was 


found to be 9.5% and test No 
2,5.4% 


Wear measurements obtained by radiotracer technique com- 


pared with those obtained directly. 


is the area of maximum wear in the Fairbanks, 
Morse opposed-piston-engine cylinders. 

This was accomplished by providing the liner with 
an external shield of cadmium and an internal 
shield of boral alloy, as shown in Fig. 1. A 1%-in. 
wide unshielded target band is visible at the position 
corresponding to the contact zone of the top two 
compression rings of the lower piston when at its 
inner-dead-center position. The wires visible about 
the circumference of that zone are aluminum-co- 
balt dosimeter wires used for recording the inte- 
grated thermal neutron flux falling on the target 
zone. 

The shielded cylinder liner was installed in the 
watertight aluminum capsule shown in Fig. 2. The 
aluminum tube, later removed, was used to pressur- 
ize the capsule with helium during irradiation. This 
gas prevented water from entering the capsule if it 
leaked during irradiation. Since helium does not 
become radioactive, the hazard to reactor personnel 
in case of capsule failure was minimized. 

The helium-pressurized cylinder-liner capsule was 
irradiated for four weeks in a pool-type water- 
cooled and water-moderated reactor. Fig. 3 illus- 
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trates the placement of the capsule in the reactor 
and the drive mechanism that was employed to ro- 
tate the specimen at 1 rpm. Capsule rotation re- 
sulted in extremely even irradiation. 

Following irradiation the liner was placed in a 
large diameter lead shield and de-encapsulated. 
Next, a small quantity of cylinder-liner metal filings 
radioactivated in shielded and unshielded areas of 
the liner were analyzed. 

Substantial amounts of 300-day half-life manga- 
nese 54 was evenly distributed in both shielded and 
unshielded zones. That radioisotope was produced 
by fast or high-energy-neutron activation of iron 
54. The amount of 45-day half-life iron 59 and 27- 
day half-life chromium 51 produced in the un- 
shielded target zone was much less than had been 
anticipated because of the effect of neutron per- 
turbation (a reduction in the thermal-energy flux 
reaching the unshielded target, because of the large 
amounts of cadmium and boron in the vicinity). In 
fact, perturbation resulted in about one-twentieth 
the anticipated thermal neutron activation of tar- 
get zone metal. 

Fig. 4 shows the gamma-ray spectra of target- 
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Cyliuder wear 


. continued 


Fig. 1—Cylinder liner with 
external shield of cadmium and 
internal shield of boral alloy. 


Fig. 2— Shielded cylinder liner 
installed in watertight alumi- 
num capsule, pressurized with 
helium. 


zone irradiated metal. The characteristic gamma 
rays of iron 59, manganese 54, and chromium 51 are 
illustrated. The top curve was obtained 23 days 
after irradiation and the lower one at 195 days. The 
decay of the shorter half-life chromium 51 and iron 
59 radioisotopes, with the emergence of long-life 
manganese 54 as the dominant radioactive specie is 
shown. Note that much less iron 59 and chromium 
51 were initially produced in the shielded zones of 
the liner. A radioisotope spectra similar to that 
illustrated by the lower curve existed in the 
shielded zones of the liner immediately after irra- 
diation. 

The following evaluation was made of the radio- 
active cylinder liner. 


1. The attempt to radioactivate a liner in a small, 
specific zone to a comparatively high level of specific 
radioactivity was successful to a limited extent. 
With the employment of elaborate radation de- 
tection equipment during analysis it would have 
been possible to discriminate wear occurring in that 
zone. However, it was not attempted in this pro- 
gram. 


2. Manganese 54 was produced in useful quanti- 
ties in the entire lower half of the liner. The 300- 
day half-life of that radioisotope resulted in a liner 
with a useful radioactive life of years, compared 
with that of months normally present in piston 
rings, which are normally activated in a manner 
that produces shorter-life iron 59 and chromium 51. 


3. The desirability for capsule rotation was con- 
firmed by the evenly radioactivated cylinder liner. 


Handling and installation techniques 


Studies performed under the auspices of the 
United States Atomic Energy Commission served as 
the basis for government regulations regarding the 
use of radioactive materials. The existence of these 
laws and well-regulated control measures has re- 
sulted in an excellent safety record for handling 
radioactive materials. 

For this study, it was Battelle’s responsibility to 
develop techniques for handling and installing the 
radioactive cylinder liner in the Fairbanks, Morse 
diesel test engine. A careful evaluation was made of 
all operations that would be involved. This eval- 
uation was interpreted in terms of the radiation 
hazard presented by the radioactive liner. Handling 
and installation procedures were then considered 
for the purpose of developing procedures that would 
minimize the radiation hazard to all exposed 
persons. 

Four months prior to the installation, a Battelle 
representative visited the Beloit Works of Fairbanks, 
Morse to observe all operations related to liner 
production, installation, and engine buildup. Ob- 
servations were made of the time required to per- 
form these operations. 

After cylinder-liner irradiation it was possible to 
evaluate the radiation hazard that would exist dur- 
ing each operation. It was calculated that the total 
radiation dose received during pre-installation han- 
dling would range from 50 to 100 milliroentgens. It 
was estimated that an additional total exposure of 
about 1000 mr would be acquired during liner in- 
stallation and engine buildup. That dose would be 
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Fig. 4 — Spectrograph of radioisotopes produced in experimental cylinder 
liner. 


Fig. 3 — Placement of capsule in reactor 
and drive mechanism for rotating speci- 
men at | rpm 


Fig. 5—Liner jacket 
installation. 
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Cylinder wear 


. continued 


distributed among six to eight operators. It was 
apparent from these estimates that no single op- 
erator would receive the maximum permissible ex- 
posure of 300 mr per week if care were taken to 
rotate personnel for these operations. Because of 
the adeptness demonstrated by each operator for 
performing his individual task, the use of remote 
handling equipment was considered unnecessary. 
While remote handling would serve to decrease the 
radiation dosage rate, the resultant increase in time 
required for completing a remote-handling opera- 
tion would result in an overall increase in cumula- 
tive dosage. 

The specially crated lead-shielded liner was trans- 
ported from Columbus, Ohio, to Beloit by truck. 
Operations involving jacketing, water testing, hon- 
ing, and bore checking were all performed by pro- 
duction personnel at the normal production station 
used for each operation. Fig. 5 illustrates the liner 
jacket installation. During these operations the 
radiation hazard created in the area of the liner was 
evaluated with radiation survey meters. All per- 
sonnel concerned with liner handling in any way 
were provided with radiation-sensitive film badges 
for recording cumulative dosage, and direct-reading 
pocket dosimeters. Accumulated radiation doses 
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Fig. 6 — Three views showing various 


were determined intermittently from the dosimeters. 
All pre-installation handling operations were com- 
pleted in 3 hr, and a maximum radiation dose of 80 
mr was measured by the film badge for one opera- 
tor. Other personnel received negligible dosages. 
Care was taken to insure the freedom of all areas 
and equipment from radioactive contamination. 

Installation of the radioactive liner and engine 
buildup were completed in three 8-hr shifts. Two 
operators plus a supervisor were used for each shift. 
Film badges, dosimeters, and radiation-detection in- 
struments were employed as safety measures. A 
Battelle representative was present at all times to 
supervise the handling of the radioactive liner and 
to make certain that radiation safety measures were 
being properly executed. Radiation doses measured 
with pocket dosimeters ranged from 35 to 80 mr. 
No one involved in engine buildup received more 
than the permissible dose. Fig. 6 illustrates the en- 
gine buildup. 

After a normal buildup the engine and its im- 
mediate working area were evaluated as a radia- 
tion Hazard. A suitable area was roped off about 
the engine at a sufficient distance to limit the ra- 
diation intensity beyond the designated zone to less 
than 2 mr per hr. Signs warning of the radiation 
hazard were posted to designate that zone. All per- 
sonnel permitted inside the posted area were pro- 
vided with either film badges or pocket dosimeters. 
A radiation intensity of 20 mr per hr was measured 
at the closest approach point of a man’s torso to the 
installed liner, and an intensity of 60 mr per hr was 
measured at the closest approach point of a man’s 
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stages of engine buildup 


hands to the installed liner. The maximum dosage 
received by an operator during all the operation of 
the engine was 60 mr per week. 


Wear determination techniques 


Radioassay techniques were developed to de- 
termine cylinder wear both qualitatively and quan- 
titatively. These radioassay procedures were de- 
veloped for analyzing wear products distributed in 
both the lubricating oil and exhaust gas stream. 
Throughout the experimental program lubricating 
oil and exhaust gas samples were simultaneously 
collected for analysis at 6-16-hr intervals. 

The precision of the radioactive-tracer method 
was determined by comparing tracer-measured gross 
wear following each engine test with actual wear as 
determined from measurements using a bore-gage 
micrometer. This was determined by measuring 
four diameters of the cylinder at eight elevations 
before and after each test. These readings were 
averaged to determine the diametrical increase at 
each elevation and thereby the total volume of ma- 
terial. 

Lubricating Oil Radioassay —Two methods were 
investigated for the radioassay of lubricating oil 
samples. The first method involved various tech- 
niques for removing and concentrating radioactive 
debris from lube oil samples. An advantage of this 
procedure was the inherently high efficiency of 
gamma-ray detectors for concentrated radioactive 
debris. Only limited success was achieved in devel- 
oping a suitable technique for concentrating wear 
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product debris because of an inability to perform 
uniform separation of a high fraction of the radio- 
active debris from lube oil samples. 

The second, and selected, method was the direct 
analysis of untreated lube oil samples. Special 
counting techniques conducive to extreme instru- 
ment stability, and counting procedures resulting in 
a maximum statistical counting efficiency were em- 
ployed for direct lube oil sample analysis. The anal- 
ysis of liter-volume samples with an immersion scin- 
tillation crystal-type detector, coupled with a preci- 
sion scalar were employed for lube oil analysis. 

Exhaust Gas Radioassay — An exhaust gas sam- 
pler designed for the isokinetic sampling of 0.4% of 
the exhaust gas stream of the test engine was in- 
stalled in the exhaust system (Fig. 7). Since the 
volume of exhaust filtered was small, the duration 
of operation of the system varied, depending on the 
actual debris carried by the exhaust gases. Debris 
collected on fiber glass filter mats was reduced chem- 
ically for assaying in the well counter. It should be 
pointed out that this chemical separation procedure 
was necessitated by the capacity of existing equip- 
ment. To handle the large number of samples ex- 
pected during the utilization of this technique, a 
scintillation well counter was provided with a large 
dimension crystal to permit direct counting of the 
exhaust filter mats. 

Radioassay Standards — Cylinder-liner metal fil- 
ings radioactivated in both shielded and unshielded 
zones of the liner were processed for use as analyti- 
cal standards. The properties of those standards 
were such that they would be subject to the same 
radioactive decay rates as was the cylinder-liner 
metal itself. These standards were radioassayed at 
periods corresponding to sample analysis, and used 
to compensate for the decay of the radioactive liner 
and for slight variations in instrument efficiency. 

Data Processing — The actual wear could be cal- 
culated from the engine lube oil consumption rate 
and the assay information. These procedures were 
used in determining the data. 
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Starter 


Drive 


engine operation, PLUS 


Palmer R. Wood 


HE CONSTANT SPEED DRIVE STARTER (CSDS) 

combines an aircraft engine starter with a low 
heat rejection constant speed drive. It alleviates 
installation problems which arise from the use of 
constant frequency a-c power, and the weight, vol- 
ume, and cooling problems due to increasing flight 
speeds. 

This multipurpose unit provides in one machine 
the capability for: 


@ Main engine starting. 

@® Constant speed drive. 

@® Ground checkout of complete electrical system 
without operating main engine. 

@ Emergency electrical power from engine cross- 
bleed. 

@ Elimination of separate main engine starter and 
gear pad. 

@ Low heat rejection. 


Configuration 


During engine operation, the CSDS utilizes the 
conventional air turbine starter as a speed trim to 
compensate for variations in engine speed and thus 
provide a constant generator input speed. When the 
engine is not operating, this same air turbine can op- 
erate as an air turbine motor to provide the required 
generator power at constant input speed — when 
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supplied with air from a gas turbine compressor or 
operating engine. 

Main components are the generator, gear system 
(including starter brake), and starting turbine. 
Transmission system is composed of simple spur and 
bevel gear assemblies, so considerable design flexibil- 
ity is possible to provide optimum combinations of 
gear ratios — depending upon engine speed ranges 
and aircraft requirements. 

Integral Design — The hollowshaft generator de- 
sign (Fig. 1) provides the minimum total volume for 
starter, drive and generator. Main power input dur- 
ing normal constant speed operation is from the 
main engine drive pad at the left. Speed control 
power is supplied by the starter turbine on the right, 
using compressor bleed or ram air. The differential 
gear train in the center connects to the output shaft 
which drives the generator. 

The starting brake changes the gear ratio to pro- 
vide the proper torque versus speed combination for 
engine starting. The sprag clutch prevents reverse 
rotation of the engine due to torque reaction during 
ground checkout operation. 

Transmission gear system (Fig. 2) consists of two 
compound planetary reduction gear assemblies con- 
nected by means of a common ring gear assembly. 
Input shaft drives the planet carrier through the 
hollow generator shaft. Output sun gear on the gen- 
erator shaft is driven by one planetary while the 
starter turbine shaft sun gear drives the other 
planetary. 

Varying engine input speeds are compensated for 
by varying the turbine speeds to provide a constant 
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CSDS 


... continued 


output speed. With the planet carrier stationary 
(as during engine shutdown), input power from the 
starter turbine is supplied to the generator through 
the rotation of the ring gear assembly at a gear ratio 
suitable for constant speed operation. When the 
ring gear is stopped by the starter brake, the input 
power from the starter turbine is supplied to the 
main engine through the rotation of the planet car- 
rier providing a gear ratio suitable for starting. 
Capsule Design — Fig. 3 shows the capsule design, 
which has the advantages of less overhung moment 
and use of conventional generator. In this design, 
the turbine assembly and the transmission — as a 
package — are inserted into one side of the main 





Fig. 2 —— CSDS transmission system. 


Fig. 3—CSDS 
capsule de- 
sign. 
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engine accessory gear housing. Output end of the 
transmission (secured to the opposite wall of the ac- 
cessory gear housing) is a standard AND pad on 
which a conventional non-hollowshaft generator 
may be mounted. Shaft power input to the trans- 
mission is through the bevel gear which is attached 
to the planet carrier in the transmission. 

Sandwich CSDS — This design (Fig. 4) is used by 
most of the generator drive manufacturers. Trans- 
mission is mounted directly on the main engine pad, 
and the generator is mounted on the transmission. 
Input for the turbine assembly is through the bevel 
gears. This configuration has the advantages of fit- 
ting the existing aircraft installation and utilizing 
the generator already on the aircraft. 


Control system 


Speed control system (Fig. 5) is an isochronous 
system consisting of a pneumatic governor and servo 
providing position information to a hydraulic actu- 
ator. Hydraulic oil pressure is supplied to the actu- 
ator by the unit lubrication system to position the 
variable area nozzle of the turbine assembly. The 
pneumatic speed governor is a centrifugally actu- 
ated poppet valve, which senses generator speed and 
supplies a pneumatic signal to the servo. The servo, 
in turn, regulates the hydraulic actuation of the 
variable area nozzles, thereby controlling turbine 
speed to provide a constant speed input to the gen- 
erator. 

The basic speed control system will control gener- 
ator frequency to within +1 per cent during steady- 
state operation over a wide range of operating con- 
ditions. This system can be augmented, if desired, 
by the addition to the servo of either a fine speed 
control or a load-sharing control, or both. The fine- 
speed control will control generator frequency to 
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CSDS 


... continued 


+0.1 per cent during steady-state operation, while 
the load-sharing control permits parallel operation 
of a number of generators operating on a common 
bus. 

When the selector switch is placed in the start 
position, the engine start switch may be actuated. 
This opens the inlet valve and actuates the starting 
brake, changing the unit to the starter gear ratio 
and bringing the centrifugally actuated starter cut- 
out switch into the control circuit. At a preset cut- 
out speed, the cutout switch actuates to switch back 
automatically to constant speed drive operation. 
Electric and pneumatic interlocks are provided in 
the starter selector to prevent selection of starter 
operation unless the inlet air valve is in the closed 
position. 


Oil Heat Rejection 


Average oil heat rejection of the Model CSDS200 
(60 kw) machine is 3.4 hp or 135 Btu per min; and 
for the Model CSDS100 (20 kw) machine, it is 2.4 hp 
or 96 Btu per min. This is approximately one-fifth 
of the oil heat rejection for equivalent hydraulic 
drive units. 

The CSDS has heat-sink potential. ... For in- 
stance, a Mach 3 air vehicle, at an external static 
temperature of — 65 F, will have available ram air to 
the turbine at approximately 640 F. Power division 
between the main engine shaft input and turbine in- 
put could be such as to result in a turbine exhaust 
air temperature of approximately 200 F. This air 
could be used for accessory cooling, resulting in a 
self-cooled system using present state-of-the-art 
accessory and drive equipment. This could decrease 
the water needed for cooling purposes, as well as the 
size and weight of heat exchangers ... and more 
fuel could be available for cooling the other aircraft 
accessory systems. 


Performance and operation 


Fig. 6 shows turbine speed as a function of engine 
input shaft speed for a typical CSDS unit. In the 
ground-check or cross-bleed mode of operation 
where engine input shaft speed is zero, the turbine 
runs at a constant speed of 70,783 rpm. The trans- 
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mission serves as a reduction gear system with an 
output of 8000 rpm. 

During main engine starting operation, there is a 
14.44 gear ratio between the turbine and the engine 
drive shaft. Turbine speed reaches approximately 
46,000 rpm at nominal starter cutout. 

When this unit uses engine input shaft power, op- 
eration is from minimum engine idle speed (4000 
rpm) to maximum engine speed (7900 rpm) with 
corresponding turbine speeds of 41,000 to 8200 rpm. 
When compared to a wheel failure speed of 140.000 
rpm, the CSDS unit permits an exceptional safety 
margin in turbine wheel design for the speed re- 
quired by all of the different modes of operation. 

Fig. 7 shows calculated performance at 35,000-ft 
cruise condition for a typical commercial transport. 
At generator output of 30 kw, the CSDS requires 11 
lb per min of bleed air and 42.5 shp. 

Electrical output of the Model CSDS200 as a func- 
tion of inlet air flow for ground checkout operation 
is shown in Fig. 8. On a standard NACA Sea Level 
Day, a 94-lb-per-min air flow will produce 60-kw 
generator output. 

Main engine starting is shown in Fig. 9 — output 
torque and torque required by the J-57 engine are 
shown. Under these conditions, the calculated 
starting time to starter cutout is 12 sec and to engine 
idle is 17 sec. 


Future applications 


The CSDS unit has potential capability for a self- 
cooled system in high-speed aircraft by use of ram- 
air energy for the speed control turbine. Since this 
reduces exhaust air temperature to a level which can 
be used as a heat sink, it enables the use of currently 
available equipment. Since it can operate from 
either engine shaft plus bleed or ram air, or from 
bleed or ram air alone, this makes an ideal arrange- 
ment for a combination turbojet-ramjet driven air 
vehicle. It is ideal for nuclear powerplants, as it can 
be used for prolonged engine motoring operations by 
utilizing bleed-air energy. Finally, it has potential 
growth capabilities for use-on engines in aircraft 
where large electrical loads are required which, un- 
der certain engine speeds, exceed the load limitation 
of the engine pad. Here, the power division capabil- 
ity between engine shaft input and turbine input 
can be utilized to permit the use of much larger al- 
ternators and accessories. 
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...on which this article is based, turn to page 6. 





GROUND CHECK AND | 
CROSSBLEED OPERATION | 
| 


> 4 
STARTER OPERATION 


CONSTANT SPEED DRIVE 
OPERATION 


2000 3000 4000 5000 6000 7000 8000 9000 10000 


ENGINE SPEED 


SAE JOURNAL 


ENGINE INPUT SPEED ~ 6350 RPM 
TURBINE SPEED 16070 RPM 
PRESSURE ALTITUDE 35,000 FEET 
LOAD POWER FACTOR 1.0 


Fig. 7 — Calculated 
performance at typ- 
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condition 
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Fig. 1 —500,000-lb space station complete with life support compartm:nts, communications equipment, interplanetary vehicle docks, refueling 


tanks, and scientific laboratory, in orbit 500 miles above the earth. 


Stations in Space... 


... how to get up there to build them and get back again— 


Holmes F. Crouch 


UCLEAR rockets afford one means for establish- 

ing advance stations for interplanetary frontier 
exploration. They have great possibilities, also 
some limitations. 

A typical manned space station is shown in Fig. 
1. It would be located in excess of 500 miles alti- 
tude from the earth and weigh on the order of 
500,000 lb, necessitating construction from prefabri- 
cated plug-in or snap-on parts, raised one or two 
at a time, and assembled in orbit. 

The powerplant of the rocket is shown in Fig. 2. 
The rocket reactor heats the hydrogen propellant. 
This propellant heater consists of a multitude of 
nuclear fuel elements, each composed of graphite, 
fissionable fuel, and the structure for holding it in 
place. For sufficient quantities of propellant to pass 
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with nuclear rockets. 


along these fuel elements, an amount of nuclear void 
space is required — on the order of 30%. The pro- 
pellant would reach the nozzle at about 3500 F, or 
appreciably less than the 5000-6000 F range of 
chemical rockets. 

The nuclear void space, high reactor temperature, 
and necessity for keeping reactor weight down are 
responsible for the nuclear fissions occurring at rela- 
tively high neutron energies. Thus, we have a fast 
fission reactor instead of the thermal fission reac- 
tors found commonly in nuclear plants. The con- 
sequences of the fast reactor which must be accepted 
are: 


@ Greater amount of nuclear fuel required. 
@ Greater neutron leakage. 
@ More difficult reactor control. 


Nuclear reactor power 


In all probability, the reactor power would range 
in the 5000 megawatt size, approximately the thrust 


SAE JOURNAL 





FIRST STAGE CHEMICAL 
SECOND STAGE NUCLEAR 
(5,000 MW REACTOR) 
HYDROGEN 
PROPELLANT 


~~ THRUST STRUCTURE | Seer} 


~~ COLD SHIELD 


HOT SHIELD 


WEIGHT DELIVERED TO ORBIT ~ 1000.8 


500.MILE ORBIT 


ee ek ee 
Scalia dada taal dal dean 


B 42 re 50 
TOTAL VELCCITY - 1000 FT/SEC 


Fig. 3 — Payload-to-orbit capability obtained by marrying a 
multimillion-pound thrust, first-stage chemical engine to a 
5000-megawatt nuclear second stage. 


Fig. 2— Nuclear rocket powerplant with its five com- 
ponents, to be used for lifting parts for assembly into a 
space station. 
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Fig. 4— Nuclear rocket vehicle as it would look bound for space. Propellant tanks and space station cargo are clustered around the central pro- 
pellant tank. Up front is the man in his vehicle. 
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Stations in Space 
. continued 


Fig. 6 — Re-entry trajectory of a nuclear rocket vehicle as it 
“steps down from a space station. At 20 miles above the 
earth the pilot jettisons reactor and propellant tank and returns 
to base in his turbojet-powered flying machine. 
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Fig. 5— Nuclear rocket vehicle earthbound without its space 
cargo and separable propellant tanks. Drag surfaces are open 
to help cut speed to Mach 3. 


equivalent of the Atlas or Titan first stage. The 
maximum, single-engine thrust capability, regard- 
less of rocket type, might be 1.5 10°-lb thrust, 
equivalent to one NOVA engine. Nuclearly, this 
thrust is equivalent to a 30,000-megawatt reactor, 
which is not apt to be built in the near future. 
Therefore, we’d accept a 5000-megawatt reactor and 
marry it to one of the chemical rocket systems. 
This would improve payload and provide controlled 
re-entry capability. 

Fig. 3 presents four curves representing multi- 
million-pound thrust, first-stage chemical engines 
married to a 5000-megawatt nuclear second stage. 
Curve III shows we would arrive at a 500-mile orbit 
(33,000 fps velocity requirement) with about 125,000 
lb, including the reactor deadweight. To return 
20,000 lb to earth and use the reactor for re-entry 
deceleration, it would be necessary to leave the orbit 
with about 100,000 lb, leaving 25,000 lb behind. 


Nuclear ferry vehicles 


A nuclear rocket ferry vehicle might consist of 
a 20 « 150-ft central propellant tank with a special 
cargo space and manned vehicle for orbit at one 
end of the tank (Fig. 4). Propellant tanks would 
be clustered toward the powerplant end around the 
central tank, to be separated when the propellant is 
consumed. Space station parts would also be clus- 
tered around the central tank. Fig. 5 shows the 
vehicle shorn of its space station parts ready for 
homeward flight. 
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Launching the space vehicle 


Due to the dangers of contamination, nuclear 
power would not be used for launching. Chemical 
boosters, probably using solid fuels, would get the 
reactor into the upper regions of the atmosphere 
and at about 20 miles altitude the reactor could take 
over. Meanwhile the reactor would be started up but 
idling. 

With nuclear rockets the rendezvous problem need 
not be a major concern. The reactor nozzle would 
have variable-flow and retrothrust capability to 
permit the necessary orbit verniering to get the 
space station parts together. The rockets need 
never be shut down. They can be left simmering, 
ready to go at all times, and this imparts a high 
degree of maneuverability. 


Advantages for re-entry 


Much effort and a considerable amount of nuclear 
fuel would be needed to get the reactor into space, 
but once there it could be used for purposes incon- 
ceivable with chemical rockets. Re-entry is a prime 
example. Power is required for decelerating into 
the atmosphere just as power is required to acceler- 
ate out of it. Once the reactor is aboard, the addi- 
tional fuel for deceleration is negligible; the addi- 
tional propellant needed is not prohibitive. 

“Criticality fuel,’ the amount required to main- 
tain self-sustaining nuclear fission at operating 
temperature, always remains in the reactor; it is 
never consumed. It is the power fuel that is con- 
sumed and this is a negligible per cent (order of 
0.05%) of the criticality fuel. Expressing criticality 
fuel in dollars at $15 per gram, there remains in the 
reactor close to $4,000,000 worth of unused fuel. 
The reactor must be brought back to earth to sal- 
vage the unused nuclear fuel; the reactor itself is 
relatively unimportant. 


How to get back home 


A typical re-entry trajectory is shown in Fig. 6. 
The rocket vehicle — reactor, propellant tank, and 
manned vehicle — would return from orbit in step- 
wise fashion. The vehicle components of the steps 
represent pulses of high deceleration (order of 10g 
for 5 sec); the horizontal components represent 
letup glides at constant deceleration tolerable for 
the pilot (order of 2g for 30 sec). The object of 
these steps is to slow down from hypersonic speeds 
to a flight speed of, hopefully, Mach 3. Here, drag 
surfaces are useful. Mach 3 could be attained 
sometime prior to a 20-mile altitude, at the time of 
booster separation. 

The pilot would then release the reactor, an in- 
stant later let the propellant tank go, and then be 
on his own in a turbojet vehicle to return to his 
airfield. The trip? About 5 hr, of which 4 hr 
would be in orbit —a rigorous day’s work. 

Because the nuclear reactor could not be re-used, 
a fleet of nuclear rockets would have to be readied 
to assemble a manned space station. Probably this 
won’t happen much before 1970, though it need not 
be as late as 1975. 


To Order Paper No. 167A... 
..on which this article is based, turn to page 6. 
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Purchasing Has Its Say 
On Engineering Actions 


D. R. HANNUM 

hrysler C rf 

HAT ENGINEERING’S RESPONSIBILI- 

TIES are to purchasing is pretty well agreed 

by purchasing executives of major automotive ve- 

hicle and parts plants. Purchasing men from 

Ford, Cadillac, Chrysler, and Eaton recently con- 

curred in a good many opinions about engineer- 
ing’s proper responsibilities to purchasing. 

For example: 


1. Purchasing wants complete prints and spe- 
cifications as long in advance of production dates 
as possible. 

2. There should be no source restrictions on 
any items. 

3. Items should be engineered so that they can 
be produced easily. 

4. No engineering changes should be made 
after prints have been released. 

5. Engineers should discuss forward programs 
and designs with purchasing much earlier than 
they usually do. 

6. Engineers, who never reach the ultimate in 
a design should cut loose their releases at a time 
that is mutually agreed (with purchasing) to be 
realistic. 

7. Final and complete releases are needed on 
dates which by experience have proved to con- 
tain no “pad.” 

8. Selection of sources for engineering pro- 
totypes should be selected jointly. 

9. Tip-offs from engineers to purchasing on 
pending engineering changes help. It gives pur- 
chasing a chance to hold the supply of old parts 
to a minimum. 

10. Many areas of responsibility are common— 
between engineering and purchasing ... so co- 
operative action plays a major part in supplying 
quality products on a timely basis. 

11. Adequate procurement lead time is essen- 
tial. 


The major purchasing problem can be ex- 
pressed as “obtaining purchases at the lowest 
economical cost in keeping with applicable speci- 
fications.” So when the specifications call for 
gold and champagne, this lowest economical cost 
turns out to be a very “high” low. 

To meet such situations, some purchasing de- 
partments have formed what they call “value 
analyses” groups. These groups analyze parts 
and assemblies to determine if the required func- 
tions can be accomplished less expensively in 
some other manner. . . . But such analyses, it 
would seem, are properly the responsiblity of the 
engineering rather than the purchasing depart- 
ment. 

(The material in this article is drawn from a 
report of a panel on “Engineering’s Responsibil- 
ity to Purchasing.’’) 





Low Voltage Ignition 
Will Start Cold Diesels 


Based or paper [ 


L. P. ATWELL, W. P. BRUMBACK, 
and W. R. MANTHEY 


OLD starting of diesel engines is 

feasible with low voltage ignition 
and it is quite possible that a single 
standard power supply will suffice for 
all diesel appplications. 

Tests have been conducted with a 1- 
cyl, 4-stroke, aircooled, Onan diesel of 
precombustion-chamber design and a 
3-cyl, 2-stroke, liquid-cooled, Model 
371 GMC diesel of open-chamber de- 
sign. Both engines were started con- 
sistently in 8-10 sec at -—25 F, using 
JP4 fuel, and the minimum energy re- 
quired for a successful start was about 
the same for both engines. In both 
cases it was necessary to operate the 
engine for about 1 min as a spark-igni- 
tion engine to develop sufficient com- 
bustion-chamber temperature to per- 
mit normal operation. 

Spark-plug location in the precom- 
bustion-chamber engine was very criti- 
cal. Starts could be made only with 
the spark plug located in the precom- 
bustion chamber. With the GMC en- 
gine, satisfactory starts were made with 
the plug in the side of the combustion 
chamber as well as in one of the valve 
locations. However, since no start 
could be made with the GMC engine 
with low voltage plugs in two of the 
three cylinders, the need to have one 
plug in each cylinder of a multicylinder 
diesel is indicated. 

Ignition timing appears to be critical 
for a timed spark discharge in a pre- 
combustion-chamber engine, and it is 
conceivable that continuous ignition 
without a distributor will be satisfac- 
tory. This possibility is now under in- 
vestigation. 


To Order Paper No. S241 
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Mileage Cuts Wear 
Protection of MS Oils 


Based on paper by 


D. W. GOW 


Gulf Research & Development Corp 


(Presented at SAE 
Southern California Section) 


HE ABILITY of MS oils to combat 
low-temperature, corrosive wear is 
significantly reduced when the oils are 
used for extended mileage. This is the 
finding of radioactive, low-temperature 
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tests to evaluate oils taken from en- 
gines operated under controlled service 
conditions. 

While most of the MS oils tested 
gave similar protection when new, 
some lost their effectiveness much more 
rapidly than others as mileage was ac- 
cumulated. This demonstrates the fal- 
lacy of appraising quality of new oils 
on short-duration tests alone. When 
used for extended periods, MS oils lost 
much of their capacity to give protec- 
tion against the formation of low-tem- 
perature engine deposits. 


Method of Testing 


Tests were conducted with a single- 
cylinder, CLR oil test engine equipped 
with a radioactive, cast-iron, top com- 
pression ring. A cast-iron ring was 
used in preference to a chrome-plated 
one because it is in more common use, 
is more subject to corrosion, and be- 
cause cylinder walls and other rings 
are still being made of cast-iron and 
subject to similar corrosive wear. 

As ring wear occurs, the small radio- 
active wear particles are picked up by 
the lubricating oil that is continuously 
passing through a glass sensing wall 
and returning to the oil sump. A 
scintillation counter is mounted in the 
sensing well and detects the gamma 
rays that are emitted from the radio- 
active iron particles. Electrical pulses 
from the counter are counted and re- 
corded by a count rate meter and Es- 
terline Angus recorder. To convert 
counts per minute to milligrams of ring 
wear, a known amount of an irradi- 
ated ring sample is dissolved in acid 
and the solution used as a calibration 
sample. 

When the data for all oils under un- 
controlled field service were combined 
and compared with new oils it showed 
the average wear rate increasing 25% 
after 500 miles of use, slightly more than 
twice as great after 1000 miles, and 
five times as great after 2500 miles. 


To Order Paper No. $233... . 
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Diesels Gaining: 
Some Problems 
Still Ahead 


pape 


E. R. KLINGE 


, ihtesne 


N THE FUTURE, os in the past, die- 

sels will have to earn back — through 
fuel economy, lower maintenance cost, 
and greater vehicle availability to meet 
operator schedules — a 25-50% weight 
penalty and a 50% higher price tag. 
These relationships are likely to con- 
tinue, even though smaller, lighter, and 


less expensive diesels are on their way, 
and gasoline and diesel engine sizes 
have to come very close together for a 
given horsepower. Particularly is this 
true for heavy-duty service where the 
rating on both engines is limited by 
durability requirements and fuel econ- 
omy ...and not by maximum potential 
hot rod output. 

Higher diesel speeds are becoming 
practical through combustion research 
and the gradual use of shorter-stroke 
engines. The turbocharger art has ad- 
vanced remarkably in the past five 
years and usage will spread. Output 
increases of 20-25% by this means can 
readily be withstood by most engines 
without significant loss in durability. 

Actually, output increases of 50- 
100% can be achieved. But very care- 
ful evaluation must be carried out on 
total powerplant characteristics and 
durability to assure success. Special 
engine designs may also be necessary 
for these extreme outputs. Fuel injec- 
tion equipment is subjected to continu- 
ous review — and its costs are gradu- 
ally dropping as newer designs appear, 
and as greater diesel acceptance per- 
mits higher volume tooling to be fi- 
nanced. 

Diesel-engine tooling is also improv- 
ing, as diesel acceptance grows and 
permits more extensive tooling to be 
financed. Efforts are continuously be- 
ing made to reduce tooling costs by 
conversion to diesel production of 
equipment already tooled for gasoline 
engines. ... These efforts meet with 
varying success, depending on the de- 
sign of the original gasoline engine. 
(Editor’s note: The January 1960 SAE 
Journal carried an article ‘(p. 42) de- 
tailing how International Harvester 
Co. designed a new family of diesels to 
make maximum use of existing gaso- 
line-engine tooling) 


Diesel Problem Areas 


Problem areas through which the 
diesel still must make progress — as 
defined in terms of potential applica- 
tion — are: 

Heavy Highway Tractor (200-350 np) 

Reduced weight 

Reduced size 

No sacrifice in maximum fuel econ- 

omy or maximum durability 

Cost can yield slightly to obtain 

values above 
Medium Highway Tractor (125-175 hp) 

Lower cost 

Greater durability 
Medium City Delivery (100-125 hp) 

Lower cost 

Reduced size 

Less smoke 

Less odor 

Easier cold starting 
Light City Delivery (75-100 hp) 

Lower cost 

Wider speed range and flexibility 

Reduced size 

Reduced weight 

Less smoke 

Less odor 
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Easier cold starting 
Less vibration and noise 


Lower cost appears rather regularly 
as a problem. The reason for this em- 
phasis is borne out by an examination 
of a typical diesel-engine operating cost 
summary. It might show that 50% of 
the cost was depreciation, 30% fuel, 
and 20% maintenance (whereas a 
gasoline engine might be 50% fuel, 
25% depreciation, and 25% mainte- 
nance). Since the depreciation (or 
engine and installation cost) is the 
dominant item in the story, some crys- 
tal ball gazing may be in order con- 
cerning it. 

Diesel-engine costs per horsepower 
are about two and a half times that of 
gasoline engines designed for heavy- 
duty service and when similarly tooled. 
When compared to the expensively 
tooled automotive gasoline engines, 
diesels may cost three to five times as 
much. Also, added cost may be in- 
curred in the vehicle installation due to 
higher driveline torque requirements. 
These high diesel-engine costs are 
primarily due to: 


eA heavier engine to withstand 
higher gas and shock loads in the cyl- 
inders. 

e Lower engine rated speed and 
bmep resulting in lower output per Ib 
of engine and a heavier engine per 
horsepower. 

e Conservative heavy-duty design 
generally aimed at longer life than the 
competitive gasoline engine. 

e High cost fuel metering system. 

e Low volume tooling ‘in most in- 
stances). 


To Order Paper No. $237 .. . 
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Collision Studies 
Reveal Gruesome Facts 


D. M. SEVERY, J. H. MATHEWSON 
and A. W. SIEGEL 


Ne 


HAT happens to cars and occu- 

pants when two cars, traveling at 
30 mph, collide at an intersection? 
Three fully instrumented studies were 
conducted with anthropometric dum- 
mies to find the answers. 

When the struck car was hit just 
forward of the driver, it rolled over. 
When the impact was at the center of 
the side, both cars rolled over. Neither 
car rolled over when the impact was 
from the rear side, but the driver of 
the struck car was ejected. In each 
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case the angle of collision was 30 deg. 

These studies demonstrated the 
value of restraining belts in a dramatic 
fashion. In reporting the injuries 
sustained by the occupants, the in- 
ferred diagnosis for the unbelted 
dummy is most often fatal, probable 
fatility, or probable survivor, whereas 
with the belted dummy the diagnosis 
is survivor, probable survivor, or pos- 
sible survivor. 

The paper presents a detailed de- 
scription of the photographic, elec- 
tronic mechanical, and physiological 
instrumentation used, describes and 
illustrates each of the tests, and sum- 
maries the results to cars and occu- 
pants. 


To Order SP-174 ... 


on which this article is based, see p. 6. 


Bearing Performance 


In Oronite 8200 Fluid 


JOHN H. JOHNSON 


ESTS of bearings submerged in 

Oronite 8200 hydraulic fluid at 450 
F showed little deterioration of the 
fluid and provided no evidence war- 
ranting the derating of roller bearings 
from AFBMA predicted lives under 
conditions of the test. 

All test work was conducted on an 
MRC 5-spindle, special lubricant, test 
rig, at speeds of 6000 rpm with a radial 
load of 1625 lb per bearing, and with 
the hydraulic fluid flowing through the 
system at a rate of 0.8 gpm per spindle. 

Bearing failures did take place dur- 
ing one phase of the test and these are 
attributed in the main to misalign- 
ment resulting from warping of the 
test housing covers. Investigation is 
being undertaken to see if the fluid 
played a part in the deformation. The 
fact that bearings containing used 
parts, and known to have been sub- 
jected to high stress concentrations, 
showed superior performance is attrib- 
uted to differences in roll material. 

The tests indicate that the system 
designer should not compromise his 
design from the standpoint of bearing 
operation in this fluid. Furthermore, 
care should be taken in drawing con- 
clusions for other loads, speeds, or 
temperatures, and results should not 
be extrapolated to ball bearing opera- 
tion. 


To Order Paper No. 176A... 
on which thisarticle is based, see p. 6. 


Flame Radiation Studied 
In Gas Turbine Combustors 
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R. M. Schirmer, L. A. McReynolds 


LO., 


and J. A. Daley 


Aeronautical Engine Laboratory, 
Nava! Air Material Center 


= need to improve aircraft gas tur- 

bine engine reliability and perform- 
ance dictates that the barrier of high 
intensity flame radiation be moved 
back; either by more critical specifica- 
tion of fuel hydrocarbon type or by ad- 
vancements in control over the physical 
and chemical processes involved in high 
pressure pyrolysis of hydrocarbon-air 
mixtures. 

The effect of monocyclic versus poly- 
cyclic aromatic components (in JP-5 
fuels having the same ASTM Smoke 
Points) on total flame radiant energy 
was investigated. The performance of 
research combustors and a J79 aircraft 
gas turbine engine single combustor op- 
erated at low (atmospheric) pressure 
showed variations in aromatic type or 
content with the present JP-5 specifi- 
cation to have no significant effect on 
flame radiation. 

The performance of research com- 
bustors and a J57 aircraft gas turbine 
engine single combustor operated at 
high (5 to 15 atmospheres) pressure 
showed that polycyclic aromatic fuel 
blends burn with higher flame emissivi- 
ties than monocyclic aromatic fuel 
blends of comparable ASTM Smoke 
Point. 

Radiant heating of metal parts was 
shown to be a function of their location 
in the combustor because quenched 
combustion products can effectively 
absorb, or “‘screen-out”’ flame radiation. 

A characteristic relationship be- 
tween total flame radiant energy from 
a J57 combustor and CRC Luminometer 
Number was obtained with 12 test fuels 
covering a broad range in burning 
characteristics. Because of the excel- 
lent correlation between fuel ratings 
obtained with the ASTM Smoke Lamp 
and the CRC Luminometer, it seems 
desirable to consider the latter as an 
alternate for characterizing fuels be- 
yond the limit of the present test 
method. 

Use of low luminosity fuels gave 
major reductions in liner ‘téempératures 
in the J-57 combustor; however, such 
fuels do not insure large reductions in 
heat transfer to metal parts. This is 
shown by a reduction of only 40 F in 
the afterburner liner temperature of a 
J-75 aircraft gas turbine engine ob- 
tained with JP-150. 


To Order Paper No.114B .. . 


on which thisarticleis based, seep. 6. 
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4 Research Areas Needed for “Direct Conversion” Space Ships 


T. F. NAGEY and 
R. E. HENDERSON 


HE following four research areas 

are of importance for development 
of large direct-conversion electrical 
powerplants for space missions. 

Energy Source—It is likely that 
large solar convertor systems can be 
developed by 1975, so that a clean sys- 
tem may be employed. Of particular 
interest here is the development of a 
dependable orientation system and a 
high efficiency solar collector system. 

For instance a solar collector with a 
photon to photon conversion efficiency 
of 50% and a specific weight of 0.2 psf, 
which is close to reality today, would 
supply the heat energy to the fuel cell 
system with a weight of 25,000 lb in 
the vicinity of the earth. Further, 
this type of collector would be capable 
of providing temperatures of 1500 K 
to the thermionic convertor. If a 
concentrated research program were 
started today, solar collectors would 
be available by the time this require- 
ment were realized that would be con- 
siderably lighter than the above speci- 
fications. 

Converters— The fuel cell system 
has a high inherent efficiency. How- 
ever its high weight detracts from its 
usefulness for this application. This 
is a preblem of fuel cell kinetics or the 
acquiring of higher reaction rates in 
fuel cells. Regenerative fuel cells with 
high current densities require research. 

A combination thermionic-thermo- 
electric system should be developed. 
This system could operate with each 
unit converting heat energy in the 
regime where it is most efficient. Effi- 
ciencies of 20% appear to be possible 
for this kind of unit in the near future. 

Pumps — Higher efficiency lower 
weight d-c electromagnetic pumps are 
sorely needed for applications of this 
type. With a good research program, 
field fringing, one of the main causes 
for the inefficiency of electromagnetic 
pumps, could be cut so that pumps 
with an efficiency of 50% could be 
realized... 

Radiator — Continued development 
of radiators of the type indicated in 
Fig. 1 is required to insure minimum 
radiator weight. 


Future Systems 


Since reactor weight is not highly 
sensitive to power in this regime, in- 
creases in convertor efficiency will not 
cause a lowering of reactor weight as 
they will to a solar reflector. Thus it 
appears that, by doubling convertor 
efficiency and halving solar reflector 
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Fig. | — Typical radiator design — to ensure minimum radiator weight. 


specific weight, one megawatt solar 
space powerplants will not be appre- 
ciably different in weight from a re- 
actor powerplant. 

Table 1 compares the approximate 
weights for a solar and nuclear ther- 
mionic-thermoelectric one megawatt 
system possible in 10 years if the re- 
search areas mentioned are pursued 
vigorously. A convertor efficiency of 
25% is assumed and working tempera- 
tures would be 1500 K to 500 K. 

The weights in Fig. 2 assume sig- 
nificant reactor development toward 
higher temperature operation. Elec- 
tromagnetic pumps with 50% efficiency 
are employed. 

Fuel cell system comparisons will be 
the same between nuclear and solar. 
Their competitive position depends 
upon the success of specific weight 
reduction achievable. 


95 
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Fig. 2— Estimated U. S. payload capability for 
150-day Mars trip and return (manned), if 
significant reactor development toward higher 
temperature operation is assumed. 


To Order Paper No. 120B .. . 
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Table 1 — Future Thermoelectric-Thermionic Convertor Systems 
(All values in pounds) 


Solar 


Reflector Weight 6 
Radiator Weight 27 
Pump to Radiator & Coolant 3 
Convertor Weight 8 

Total 8 


0 
6 


Reactor 


Reactor Weight 

Reactor Weight 

Pumps and Coolant 

Convertor Weight 
Total 


7,000 
27,000 
6,000 
80,000 
120,000 
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Charter to Manhattan College 
Makes It SAE’s 57th Student Branch 


N SAE STUDENT BRANCH AT 
MANHATTAN COLLEGE was 
launched last month when the SAE’s 
Board of Directors approved the Sec- 
tions Board’s recommendation that a 
charter be granted to the former Club. 
Manhattan becomes the fifth SAE Stu- 
dent Branch in the Metropolitan Sec- 
tion area. The others are: New York 
University, chartered 1929; College of 
the City of New York, 1942; Academy 
of Aeronautics, 1950; Stevens Institute 
of Technology, 1951. 
William A. Bautz is chairman of the 


new Student Branch; Paul Vermaelan, 
vice-chairman; Joseph Corcoran, treas- 
urer; John A. Gardiner, corresponding 
secretary; John O’Brien, recording sec- 
retary; Brian O’Hare, historian. Prof. 
Alfred Del Vecchio, Manhattan Col- 
lege’s director of mechanical engineer- 
ing, is faculty advisor. 

The spring of 1960 marks the 107th 
anniversary of the founding of Man- 
hattan College. First, St. Vincent’s 
Academy was organized on Canal 
Street —and four years later it was 
moved to Manhattanville ‘a tract of 


EMBERSHIP COMMITTEE CHAIRMAN William J. Lux has sent 
to his Committee — and to membership-interested folks in SAE 
Sections — some descriptions of “interesting specimens of members 


whom you may try to spot in your own haunts.” 


1. Big-Handed Joiner — shakes hands very well. 
smile and a friendly word for everyone. 


Here they are: 


Always has a big 
Probably on a liberal expense 


account and may have something good to sell. 


2. Shirt-Sleeved Committee Joiner — a distant cousin of the Big- 


Handed Joiner. 


This one finds his way into committees of all sorts. 


Probably has a purpose for everything he does, and may have an ax 


to grind. 


3. Snoring Sleeper — characterized by drooping eyelids and blank 
expression. Don’t let this fool you. The Sleeper may be listening all 
the time, and he might come up with new ideas, born as a result of his 
isolation from the surrounding clamor. 


4. Grunting Pusher — emits low groans and short sentences. 


Al- 


ways behind some project or under some large load, so it is difficult to 


spot. 
on large problems. 


5. Arm-Swinging Crusader— noisy and usually flapping 
These can be trained easily, and they love to perform. They 


wings. 


Slow speed but large forces. 


Sometimes works in small groups 


their 


make excellent Toastmasters and Public Relations men. 


6. Long-Fingered Investigator — always looking for facts and de- 


tails. 
knowledge of detailed steps. 


' 7. Closed-Mouth Statistics — these are like sparrows. 
more of them than of any other specie. 
With a little effort they become: 


they are valuable. 


May know very little about programs, but always has detailed 
AsKs many questions. 


There are 
Don’t ignore them, though; 


8. Running Statistics — these are the closed-mouth statistics who 
have developed distinctive and unique shades, colors, whistles, feather 


arrangements, or other identifying marks. 


This group is extremely 


valuable; each has his peculiar talent and, with proper encourage- 
ment, will make a worthwhile contribution. 


9. Leader — to place an identifying adjective in this name is unnec- 
essary. You will recognize him at once. 


land east of Broadway and north of 
131lst Street.) Here, in May 1853, the 
foundation of the College was laid. 
One year later, the institution was in- 
corporated and chartered to confer 
academic degrees by the University of 
the State of New York. 

In 1921, construction of buildings on 
the present site in Riverdale-on-the- 
Hudson was begun and complete trans- 
fer to the new campus was effected in 
1923. 

The engineering curricula are ac- 
credited by the Engineers Council for 
Professional Development. A recently 
completed Engineering Building houses 
the School of Engineering, which has 
as objective “to train the whole man 
and to provide an enduring foundation 
for professional life by blending a 
humanistic basis for scientific technol- 
ogy advance with sound training for 
professional practice.’”’ Here, programs 
leading to BCE, BEE, and BME degrees 
are offered. Each program requires 
four years of resident study for its 


completion. 


YOULL... 


... be interested to know... 


LSEVIER’S NEW “AUTOMOBILE 

DICTIONARY” in eight languges 
(English-American, French, Italian, 
Spanish, Portuguese, German, Russian, 
and Japanese) draws heavily on SAE 
Handbook for standardized automo- 
bile terminology. Its preface is by an 
SAE member—Don Wilfredo P. Ri- 
cart, president of FISITA,... and its 
editor, in a paragraph on “language 
standardization” pays “high tribute” 
to the SAE for “fundamental work 
done before the dictionary was com- 
piled.” 

D. Van Nostrand Company, Inc., 
Princeton, N. J., is distributor for the 
new dictionary in the United States. 


FACTS... 


... from SAE literature. 


(SAE Journal will be glad to sup- 
ply on request one copy of the piece 
of SAE literature described below. 
Address “Literature,” SAE Journal, 
485 Lexington Ave., New York 17, 
N.Y.) 


OW “SAE’S COOPERATIVE EN- 

GINEERING PROGRAM Eases 
the Cost Squeeze on Industry” is de- 
scribed in a recently issued booklet 
under that title. It tells how results 
achieved by SAE Technical Commit- 
tees return dividends to industry ... 
reducing the cost of doing business and 
permitting greater returns on invest- 
ment. 
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U.S. Can Regain 1st Place 
in World Markets .. . IF 


by Joseph E. Adams 


HE IMPROVEMENT in European know-how, plus wage differential 

advantage, is making itself evident throughout the world. American 
products were predominant in many countries before World WarIl... 
and immediately after. Now they are in second-best position. 


Pride of workmanship has not yet been lost in Europe. 


“The Good 


Life” .. . the era of “I-am-entitled-to” an aducation, a job, a good life 


— because I am an American 
in Europe. 
of young people. In my opinion, we in 
the United States face continuing loss 
of markets unless we recognize cer- 
tain fundamental factors. 

We are not quite getting by in the 
face of European competition. But our 
objective must be to maintain our cwn 
standard of living while permitting the 
standards of living of the rest of the 
world to catch up with ours. At the 
same time, we must assist those areas 
in the United States which have a sub- 
standard of living to reach the privi- 
leged way of life that those in industry, 
both workers and managers, enjoy 
today. 

Europe's need for things which we in 
the United States take for granted is 
great enough to take Europe’s explod- 
ing economy through a period such as 
the early 20’s here. This need for 
washing machines, refrigerators, tele- 
vision sets, etc., is in itself aiding Eu- 
rope in its competition with us for 
world markets. 

Our U. S. economy, on the other 
hand, must be expanded by increasing 
the buying power of our own sub- 
standard-living groups. We can do 
this only by: 


1... . Stemming the constant infla- 
tion which decreases the standard of 
living of white-collared, retired, and 
similar groups — and puts no more real 
take-home pay into the pocket of the 
working man. 

2.... By increasing our productivity 
substantially, by going to work and 
producing what we are capable of pro- 
ducing. Only thus can we reduce the 
actual cost of the product without re- 
ducing the standard of living of any 
person. 

3... . By making it “right the first 
time’’— so that our self-respect for 
quality is gained in the market places 
of the world. 


“Going to work” applies to all levels 
of society in our country. We must be 
willing to pay for “the good life” or we 
can lose it. There is a real possibility 
that the so-called “Fabulous Sixties” 
can be a fooler; that our exploding 
population can be a millstone around 
our neck, dragging down our living 
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... has not yet become the sole ambition 
There is still a lot of Horatio Alger philosophy in the minds 


standards as it has in other countries 

. unless we productively occupy our 
young people and get back a little of 
the Horatio Alger philosophy. 

As the standard of living increases 
for the people of Western Europe, their 
take-home pay and their cost of living 
will also increase. Thus, gradually, 
competitive balance will be restored, 
making it possible for the United States 
to re-establish its position in foreign 
trade. Then, together with Western 
Europe, we can help to bring our stand- 
ards of living to the under-developed 
countries of the world . . . providing 
we retain our initiative and drive by 
following the philosophy here outlined. 


Economic-Political War 


Khrushchev has said: “We declare 
war on you in the peaceful field of 
trade . . the threat to the United 
States is not in the ICBM, but in the 
field of peaceful production. We think 
that capitalism should be destroyed — 
not by war and military conflict, but 
through ideological and economic 
struggle. ... We value trade less for 
economic reasons and most for political 
reasons.” 

This means still another stiff pres- 
sure on our U. S. exports, for Russia 
today has entered into the market 
place only on a hit or miss basis. 
Maybe Russia is just testing. 

In any case, if we are not ready for 
competition with our friends who play 
the game with reasonable fairness, we 
can never be ready for competition 
which can sell its products at any price 
it wants in order to make a political 
point aimed at destroying our Ameri- 
can way of life. 

IF we will accept the philosophy that 
every American must recognize his re- 
sponsibility to produce quality to the 
limit of his ability — and stop expect- 
ing that the world owes him a living 
because he is an American — and if we 
all accept the fact that a part of our 
American philosophy is not only an 
opportunity to work, but the desire to 
work with all the ability the Lord has 
given us, there is no doubt that the 


“Fabulous Sixties” can be just what 
they have been labeled. 

Then, United States can regain its 
position in world markets, protect its 
home markets, and make a fantastic 
contribution to the American way of 
life. Thus we can help to bring a better 
standard of living to the rest of the 
world. 

By being examples of industry and 
ambition, we can inspire others to fol- 
low the same path. By being examples 
of softness and laziness, we cannot help 
but suffer and leave the door open for 
greater foreign competition ... and 
thus pave the way for Khrushchev’s 
ideological and economic struggle. 

It is the responsibility of each of us 
as Americans to do our individual part 
to protect the high standard of living 
and the freedom we have been privi- 
leged to enjoy. 

We must be ready to pay for “the 
good life’’ with our honest efforts — or 
we can lose it. There is no choice!! 


loseph E. Adams 


HITE MOTOR’s 

Joseph E. Adams 
has studied Europe’s eco- 
nomic and manufactur- 
ing progress at first hand 
on several occasions in 
the last five years ...and 
has been facing realisti- 
cally the impact of that 
progress on foreign mar- 
kets for American-built 
products. 


Back in August 1958, he 
sounded a clear warning 
to American automotive 
manufacturers in an SAE 
Journal article titled: 
“Europe is Catching Up 
on Quantity Production 
Methods.” 


In this article, drawn 
from material in a dinner 
address to a_ recent 
SAE National Production 
Meeting, he presents a 
challenging philosophy 
of action, distilled from 
his continued thinking 
and exploration of this 
vital economic area. 
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raom READERS 


C. L. Burton, Manager (M’52) 
Development Division 
Aluminum Company of America 
Cleveland 5, Ohio 


Dear Editor: 

I am writing you regarding the ar- 
ticle in the February 1960 SAE Journal 
entitled, “Brake Fade Rated by En- 
gineering Yardstick”’ based on paper 
by Hykes and Herman of the Budd Co. 

I have been disturbed by Fig. 3 
(page 50), which shows an 11 point 
comparison between cast aluminum 
and cast iron as a brake drum ma- 
terial. I will make a few detailed 
comments. 


1. Under cost per pound, aluminum 
is shown as six times more expensive 
than cast iron. Actually, a brake drum 
such as Buick uses, which contains 


10% lb of aluminum and about 5 lb of 


iron, can be produced for a little more 
than twice the cost of a conventional 
iron and steel drum. Also, it is a much 
superior drum as it extends the life of 


From: 

Maj. Gen. Yi-Fon Cheng 

Commandant, 

Air Cadet Flying 

Chinese Air Force 

Republic of China 
Dear Editor: 

1. During the past one 
year, this school has con- 
tinuously received 12 issues 
of your. well-edited and 
beautifully published SAE 
Journal. SAE Journal is not 
only instrumental in enhanc- 
ing the promotion of the offi- 
cers’ and students’ technical 
know-how in the field of 
automotive engineering, but 
also provides instructors ex- 
cellent reference material for 
instruction and training. 

2. I, on behalf of Chinese 
Air Cadet Flying School, 
wish to take this opportunity 
to express to you my heart- 
felt, gratitude. 


School 


This is the original of the letter 


the lining by three times, and is much 
more resistant to fade than the iron 
drum. I can’t think of any reasonable 
way in which the 6/1 ratio could have 
been determined. 

2. The above comments carry over 
into the cost per cubic inch compari- 
son and for the heat storage capacity, 
Btu per dollar. 

3. Under heat conductivity, a ratio 
of 2/1 is shown in favor of aluminum. 
Actually, almost any aluminum alloy 
is superior in that respect by more 
than 2/1. The secondary alloy used 
by Buick in their drum has approxi- 
mately three times more heat con- 
ductivity than cast iron, while the al- 
loy in the new Pontiac integral hub 
and brake drum has 3'2 times the 
thermal conductivity of cast iron. 

4. The data under emissivity shows 
aluminum as having only 7.6% of the 
emissivity of cast iron. Actually, the 
materials would be about equal with 
a coat of dull black paint. Even a 
light coating of dirt would just about 
make them equal in emissivity. Emis- 


translated 
at left. 


sivity is not an important factor in 
brake drums as has been pointed out 
in the body of the article. 

5. The wear life of aluminum is 
shown as very poor in comparison 
with cast iron. However, there is a 
class of aluminum alloys containing 
large amounts of silicon which run 
very well against certain commercial 
lining materials. All production drums 
that we know of use thin cast iron 
liners. 


I think much of the article is basic, 
although a number of brake engi- 
neers do not attach the importance 
to “steady state” that Budd does. I 
believe the only deterrent to the wide- 
spread use of aluminum brake drums 
is cost. As you know, even a slight 
amount of additional cost is a great 
deterrent to the use of any product on 
the American automobile. There are 
certain practical limits to the per- 
formance of passenger car drum type 
brakes when cast iron is used as the 
brake drum material. Unsprung 
weight must be limited and this places 
a ceiling on the performance of the 
cast iron brake drum. Organic linings 
are needed for smoothness which limits 
temperature. A better drum type 
brake can be produced by the use of 
aluminum brake drums then can be 
produced using only cast iron. 

It seems to me that if the large 
American automobile is to have a sub- 
stantial improvement in brake per- 
formance, it will very likely come by 
the use of aluminum brake drums. 
The drum type brake with its ad- 
vantages could be retained. 

The new aluminum integral hub and 
drum offered on the Pontiac car is 
just about impossible to fade and it 
performs well in all other respects. 
No iron brake drum remotely ap- 
proaches it in fade resistance, and I 
don't’ see how it could without some 
device such as water cooling, or the 
use of metallic linings which have 
other serious drawbacks. 


@ Since Mr. Burton has raised some 
issues which he feels need elabora- 
tion, may we elaborate also in the same 
order as in his letter: 


1. Cost per pound... 

Aluminum alloy pig may be delivered 
to our plant as of this date for $0.256 
per pound. Cast iron pig, also de- 
livered, costs $0.031 per pound. This is 
in the ratio of 8.25 to one. We used six 
to one in our paper to be safe. 

In the Buick drum quoted by 
Burton, made of 10.5 lb of aluminum 
alloy and 5 lb of cast iron, at twice the 
cost of the replaced cast iron drum, 
the following may be of interest. The 
drum replaced, of cast iron with a steel 
drum head, weighed approximately 21 
lb. Therefore: 


10.5 Al+5 C.I.=2x 21 CI. 
10.5 Al=37 CI. 


Al=3.3 C.I. 


The discrepancy between 3.3 to 1 
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versus 8.25 to 1 occurs since a lesser 
weight of aluminum is required due to 
its higher heat conductivity and lower 
specific gravity. 

2. The six to one ratio in cost per 
pound of aluminum versus cast iron is 
used throughout the remaining cal- 
culations in the paper. 

3. Sources used in allocating heat 
conductivity to aluminum were be- 
lieved to be reliable. However, they 
may have been out-of-date and they 
certainly were for primary aluminum. 
We accept Burton’s correction. 

4. Burton is correct. Figures shown, 
as indicated, were for as cast but oxi- 
dized material. 

5. To our knowledge, even at this 
date, the high silicon aluminum alloys 
which show promise for use as a fric- 
tion surface are still in the develop- 
ment stage. There is a question also 
in our minds as to whether the high 
silicon alloys will not have greatly re- 
duced thermal conductivity. 


The use of steady state testing pro- 
cedures, as indicated in the original 
paper is just one more engineering 
yardstick which allows the industry to 
properly assign and measure the ad- 
vantages accruing from changes in 
materials, designs and locations of 
brakes, drums or discs. Only by such 
procedures can “cut and try” develop- 
ment programs be eliminated. 

We question whether those who pro- 
mote and use aluminum have ex- 
hausted the alternative possibilities of 
drum design and brake location to 
solve their present problem. We do 
feel that our method of testing can 
point the way’ to further progress 
without the use of aluminum. Mean- 
while, for the present and for the fore- 
seeable future, the use of aluminum 
involves greatly increased cost. 


Paul G. Hykes and Clarence A. Herman 
The Budd Co. 
Automotive Division 
Detroit 15, Mich. 


From: 
William J. Lux (M ’52) 
Supervising Engineer, Research Dept. 
Caterpillar Tractor Co 
Peoria, Il. 


Dear Editor: 

The computer is a tool. Its charac- 
teristic abilities, speed, and accuracy, 
classify it as a general-purpose tool, 
which can be fitted with “programs” 
making it suitable for an almost infi- 
nite variety of jobs. 

Consider the road builder in 1860. 
His animal horsepower was capable of 
building 1960 highways—if it had 
enough time. The ancient astronomers 
could locate the stars with extreme ac- 
curacy —if they had time to make the 
calculations. The traveler could visit 
every continent during his vacation — 


MAY, 1960 


TCE 


SAE MEMBER- 
CROSS - WORD - 
PUZZLE FANS would 
have no difficulty in 218 
filling in No. 27 across 
in the March 14 New 
York Journal Ameri- 
can’s puzzle. It was 
“27. Society of Auto- 
motive Engineers ‘(ab- 
br.).” 


Narrates the 
17Cle 
18 Ar 
203! 


if his vacations were long enough. 
Years ago, scientists had all of the 
basic principles for putting a satellite 
into orbit, but they didn’t have enough 
time to calculate the design and opera- 
tional details of the rocket to put it 
there. 

Power solved two of these problems 
and high-speed computers solved the 
other two. There seems to be little 
similarity between a missile and a 
highway, but the computer is proven to 
be useful in designing and building 
both. 

Like the computer, most engineering 
processes have wide application when 
they are reduced to their basic ele- 
ments. Can you imagine how many 
ideas are buried under the blanket of 
special application? Try reading about 
other fields of engineering — you will 
be surprised at some of the gems that 
are just waiting to be picked up by 
some curious, wandering explorer. 


From: 
V. C. Kloepper (M ‘16) 


Automotive Engineering Consultant 
St. Louis, Mo. 


Dear Editor: 


Please continue to list my name in 
the 1960 SAE Consultants list, which 
the Society publishes. 

I know it will interest you to know 


23 Juan 


27 Society of Auto- 
motive Engineers 
(abbr.) 


30 Utter moan- 
ing sounds 


SAPTALENCAUAANOTLEEDEAAAAAEEUEREREEA AOU EDDRORAEAA TA DEDDEROOAUOEEEEUAEUOEEEEEEEEOT EO TEEEOEET ATE TEER EEE 


SAE in the NEWS 


THE DUBLIN EVENING PRESS of Jan. 13 carried news of the elec- 
tion of Harry E. Chesebrough as SAE’s 1960 president under the two- 
column headline ‘“‘What Car Men Want to Do in the 60s.” 

The balance of the article quoted President Chesebrough’s ex- 
pectations of automotive advances in the decade ahead. 
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™ mountain 
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26 Period of time 
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that I have received several very inter- 
esting appointments through your Con- 
sultants list. I have through your list- 
ing been appointed chief consulting 
engineer for Diesel Nacional S. A., 
Mexico, where I spend considerable 
time. 


From: 


William J. Storey 
Bradley University 
2502 Court St. 

Pekin, Il. 


Dear Editor: 


I have accepted a position and wish 
to have my name removed from the 
SAE Placement Service list of 1960 en- 
gineering graduates ‘(SAE Journal, 
December, 1959, pg. 103-108). 

Although I did not accept a position 
through SAE, I received many letters 
affording excellent opportunities in the 
engineering field. I feel that for Feb- 
ruary graduates, the list should be pub- 
lished in an earlier issue — about Oc- 
tober. 

I understand that this was a pilot 
program, and I hope that it is contin- 
ued for it opens the door to the many 
engineering opportunities available and 
not the few companies that are able to 
visit each school. 
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Engineer must consider owner use and 


maintenance habits when designing cars and trucks 


ESIGNING for specific user needs 

and whims was a major theme at 
SAE’s National Automobile Week meet- 
ing. More than a 1000 engineers heard 
of design, material, and testing devel- 
opments aimed at satisfying car and 
truck users. 

Luncheon speaker J. N. Bauman, 
president of White Motor Co., called 
the fulfillment of this aim the “third 
dimension” of engineering and said 
that the engineer not only should de- 
sign a product that the customer wants, 
but must also anticipate how the cus- 
tomer will use and maintain the prod- 
uct. 

Some examples of designing for the 
driver brought out at the meeting were 
riding comfort, air conditioning, fuel 
economy, and automatic highway driv- 
ing. Engineers heard of a seven-de- 
gree-of-freedom laboratory ride simu- 
lator that reproduces typical road mo- 
tions in a car, thus helping the designer 
build in a comfortable ride. The ad- 
vances in air conditioning vehicles 


SAE National Automobile 


Suspension Design for Single Unit Construc 
tion, F. R. Kishline and T. M. Lawler, Jr., 
American Motors (143A). 


Vehicle Dimension Effects on Noise and 
Vibration Control in Unitized Construction, 
F. J. Hooven, Ford (143B). 


Control of Noise and Vibration in the Uni- 
body, J. R. Farnham, Chrysier (143C). 


Suspensions-From the Ground Up, C. M. 
Rubly, Chevrolet (143D). 


Analysis and Simulation of Automobile Ride 
R. H. Kohr, GM Research Labs. (144A). 


Structural Adhesives in Automobiles, A. F. 
Thomson and A. F. Martin, Minnesota Min- 
ing Mfg. (145A). 


The Bodies in Which We Live, W. H. Jack- 
son, GM Harrison Radiator Division (146A). 


Progress of Automotive Heating Thru the 
Years, H. V. Joyce, Ford (146B). 


Controlling the Automotive Air Conditioner 
for Comfort, J. T. Kreasky, Chrysler (146C). 


Decorative Plated Coatings of Improved 
Durability, D. M. Bigge, Chrysler (147A). 


Corrosion Considerations of Aluminum Au 
tomobile Engine Components, A. M. Mont- 
gomery, Alcoa Research Labs. (147B). 


Case Hardenability of SAE 4028, 8620, 4620, 
and 4815 Steels, J. A. Halgren and E. A. 
Solecki, International Harvester (149A). 





were closely tied to the physiological 
reactions of driver and passengers, 
pointing the way to future develop- 
ments. Also, the ways to get more out 
of a gallon of gasoline, for the same 
weight and power car, were described 
and evaluated. 

A second theme that ran through the 
meeting was the advances in engineer- 
ing materials. Latest developments in 
steels, plastics, rubber, and aluminum 
were brought out by a panel of experts. 
Following quickly were an analysis of 
structural adhesives as well as the 
solution of aluminum corrosion and 
gear metallurgy problems. Many of 
the discussions on these subjects were 
stimulated by new problems generated 
by compact car design. 

The program for the meeting was 
set up under the leadership of J. H. 
Booth, chairman of the General Com- 
mittee. B. W. Bogan, chairman of the 
Detroit Section, welcomed engineers to 
the meeting on behalf of the Detroit 
Section, which acted as host. 


Week included: 


Practical Application of High Temperature 
Gas Carburizing, 0. E. Cullen, Surface Com 
bustion Division, Midland-Ross (149B). 


Several Possible Paths to Improved Part 
Load Economy of Spark-Iignition Engines 
A. E. Cleveland and |. N. Bishop, Ford 
(150A). 


A New Tool for Combustion Research, F. 
W. Bowditch, GM Research Labs. (150B). 


Automatic Highway and Driver Aid Devel 
opments, J. B. Bidwell, H. M. Morrison, C. 
A. Hanysz and A. F. Welch, GM Research 
Labs (151A). 


Tre Development of the Smiths Automatic 
Transmission for Rootes Group Range of 
Light Cars, C. S$. Steadman, Smiths Motor 
Accessories Ltd., Whitney Works, England 
(152A). 


Engineering Highlights of 25 Compact Cars 
J. R. Bond, Road G Track Magazine ‘(152B). 


SAE Body and Chassis Frame Drafting 
Standards for the 1960's Plus Complete Set 
of Revised Standards, Ready for Inclusion 
in Existing Automotive Drafting Manuals 

$2.50 to members; $4.00 to non- 
members (SP-176). 


Automobile Aerodynamics A progress Re 
port, P. R. — K. B. Kelly, Wil- 
liam Tanner, GM Styling Staff; A. H. Esper 
and J. F. White, Ford . $2.00 to mem 
bers; $4.00 to nonmembers . . . (SP-180). 


Papers are available through SAE Special Publication Dept. Prices. 50¢ a copy to mem- 
bers; 75¢ a copy to nonmembers. Special Publications are priced as noted in the listing 
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FATHER AND SON, RB. F. Kohr, Pal- 


mer Products Inc. (right) and R. H 
Kohr, GM Research Laboratories eft 

were active in session on GM's r 

simulator. The elder Kohr, a past- 
chairman of the SAE Technical Board 
was chairman f the ses< on: the son 
presented a paper entitled, “Analysis 


and Simulation of Automobile Ride 
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LUNCHEON SPEAKER J. N 
Bauman, president, White 
Motor Co. (right) meets with 
luncheon toastmaster James H 
Booth, Thompson Ramo Wool- 
r left) and SAE 
larry E. Chesebrough 


E 
t 
center) at luncheon reception 


Bauman spoke on “Third Di 
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WO interest-compelling production 

headlines were written at the 1960 

SAE National Production Meeting 
held in Cleveland on March 22-24: 


eA tremendously important — and 
highly successful—forward step in 
aluminum casting has been taken by 
Chevrolet at its Massena (N. Y.) plant. 
Using a low-pressure, permanent-mold 
process licensed from a German firm, 
Chevrolet has made giant strides in the 
art of permanent-mold aluminum cast- 
ing. 
e Look for major advances in card, 
tape, and computer-controlled ma- 
chines. A forecast was made that by 
1965 more than 60% of all machine 
tools purchased would be equipped for 
tape control. Predictions were heard 
frequently in the lobbies that impor- 
tant technical breakthroughs are im- 
minent. A production executive was 
heard to tell a customer, “Don't bother 
about the drawings — we can make it 
from the data we have!” In this case, 
the part was produced from a mathe- 
matical description, which was punched 
on a tape used to make a prototype. 
This made it possible to produce and 
test a prototype part before the prints 
were ready. 

A curious thing about the Chevrolet- 
Massena plant is that the facts about 
the operation seem to be turned around 
180 deg from the published reports. 
The essential facts, given at Cleveland 
for the first time, are as follows: 


What public reports have said: 


e Production per man-hour is low. 

e Scrap losses in excess of 30% have 
been reported 

e Impregnation is frequently neces- 
sary. 


The facts are: 


e Output per man-hour is equal to or 
better than original estimates, al- 
though there have been production 
problems 

e Scrap range is 2-10%, depending 
on the casting. 

e Impregnation is used on a single 
casting — the transmission case — be- 
cause it is economical to do so. Poros- 
ity is not a major problem in the cyl- 
inder head casting, which does not re- 
quire 100% X-ray inspection 


Probably the most significant com- 
ment made on the Massena operation 
was this: Chevrolet has crowded at 
least 10 years of operating experience 
into a single year at Massena. Quali- 
fied production men attending the 
meeting reported, for example, that 
the low-pressure process used at Mas- 
sena has been expanded tremendously, 
compared with the original German 
process. Mechanization already ex- 
ceeds by a wide margin anything at- 
tempted in Germany. While Chevro- 
let’s use of automatic equipment is 
outstanding, the most important ad- 
vance is in the area of controlling di- 
rectional solidification. Much of the 
technical know-how being accumulated 


MAY, 1960 


Production Meeting 


features: 


‘Aluminum casting. 
*Tape-controlled machines. 
‘Cold forming. 


Running close behind in top interest at the Cleveland 
Meeting were (1) design for efficient manufacture, (2) high 


energy forming, and (3) cost control. 


THERE WAS INTEREST aplenty in the 
aluminum cylinder head for the Chev- 
rolet Corvair displayed at the Cleve- 
land meeting. In the background is 
a working model. Light air pressure 
applied to the metal surface forces the 
aluminum to flow upward in the center 
pipe, filling the mold. 


THEY DID THE WORK — and SAE mem- 
bers were the beneficiaries. Shown at the 
left is P. H. Neville, general committee 
chairman. Mr. Neville is president of 
Leese-Neville Co., Cleveland. At the 
right is K. C. White, technical program 
chairman. Formerly a professor at Cor- 
nell University, Mr. White is now asso- 
ciated with Thompson Ramo Wooldridge, 
Inc. 
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will undoubtedly be adapted to im- 
prove die casting operations at Chev- 
rolet plants. 

Historical note contributed by a dis- 
cusser at the meeting: Ford used a 
low-pressure method to produce alumi- 
num castings for the Model T. Pres- 
sure was 1 psi (compared with 3-6 
psi for Chevrolet.) Ford kept the air 
pressure on at all times. The operator 
covered the hole with his thumb when 
he wanted to apply pressure to the 
molten bath. Pressure was main- 
tained for 5-10 sec. The Ford castings 
weighed only a few pounds, however. 

The facts about Ford’s use of cold 
forming reflect the extensive research 
and highly successful development 
work being conducted by Ford process- 
ing engineers. Ford is now producing 
production parts by cold extrusion in 
six plants. A single part — piston 
pins — has saved Ford 5000 tons of 
steel since 1955. Ford's output during 
this period is 40 million piston pins. 
Fatigue life of extruded pins is 51,000 
cycles compared with 16,000 cycles for 
drilled pins. 

Cold forming a truck wheel nut 
saves 500 tons of steel annually. In- 
expensive hot rolled steel is specified 
instead of screw machine stock. A 
milling operation is eliminated. 

Other cold-formed Ford parts in- 
clude tappets, universal joint bearing 
races, automatic transmission gears, 
and tractor take-off shafts. 

Ford process engineers see a 
markable future for cold forming: 


“Cold extrusion and allied cold form- 
ing methods will ultimately capture a 
substantial portion of metal working 
tonnage. For small parts and automo- 
tive applications, the material and 
processing economies that cold ex- 
trusion affords must sooner or later 
take a heavy toll of competitive proc- 
esses. For military items, the im- 
provement in physicals without dis- 
tortion ‘is most attractive. 

“Cold extrusion 10 years from now 
will be a process completely integrated 
with other steps necessary to produce 
a finished part from raw material. 
Many of the individual primary and 
secondary operations we know today 
will be either combined or eliminated. 
Probably we will go directly from cast 
metal into the cold forming press, or 
metal powder compacts may play an 
increasing part. Ultra-high-strength 
parts may be made right in the extru- 
sion die without heat-treatment.” 

SAE President Harry E. Chesebrough 
told those attending the Wednesday 
evening dinner that the coming An- 
nual Meeting at Cobo Hall in Detroit 
will undoubtedly surpass any similar 
meeting -in SAE’s long and colorful 
history. With virtually unlimited fa- 
cilities available under one roof, tech- 
nical programs unmatched for scope 
and quality will be presented. The 
possibilities for participation by lead- 
ing European engineers are also ex- 
cellent, Mr. Chesebrough said. 


re- 
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“LET ME THINK about 
that for a minute,” J. E. 
Adams (left), executive 
vice-president, White 
Motor Co., and past- 
chairman, SAE Produc- 
tion Activity, tells SAE 
President Harry E. 
Chesebrough. A_ keen 
student of foreign affairs 
and recently returned 
from overseas, Mr. 
Adams spoke on the 
provocative subject, 
“America’s Answer to 
Foreign Competition.” 
We can meet the chal- 
lenge from abroad, 
Adams told SAE mem- 
bers — but we'll have to 
work mighty hard at the 
job! 


Principal speaker at the banquet was 
J. E. Adams, executive vice-president, 
White Motor Co. Mr. Adams spoke on 
the challenging subject, “America’s 
Answer To Foreign Competition.” 

More than 50 persons accepted an 
invitation to visit Ford Lorain, newest 
and largest of Ford’s 17 automobile 
and truck assembly plants. Visitors 
who were touring a unitized body-and- 
frame plant for the first time were 
impressed with such things as: (1) the 
interesting changes in assembly plant 
methods that have occurred in recent 
years, (2) the prominent role of ma- 
terials handling and the decrease in 
the number of overhead conveyors, 
(3) movement of painting operations 
to the second floor of the building. 

Following the tour of the 1,880,000 
sq ft facility, Joseph A. Richardson, 


SAE SAW HIM SHIP this 
appliance home to Detroit 
so we know R. M. Nelson 
(left), Bendix Aviation 
Corp., winner of the Sur- 
prise Luncheon speaking 
contest, and Mrs. Nelson 
are having hot toast for 
breakfast each morning 
The toaster served as a 
timer during the contest. 
Presenting the award is 
Toastmaster Howard A 
Williams, Eaton Mfg. Co. 


plant manager, answered questions for 


nearly an hour. At the conclusion of 
his talk he noted: “Developing dy- 
namic human leadership is our biggest 
problem.” 


1960 SAE National 
Production Forum — SP-330 

includes reports on Aluminum 
Foundry Practice; Product Evaluation 
for Cost Reduction: Numerical Con- 
trol of Machines and Processes; High 
Energy Forming; Automation in the 
Job Shop; Quality Control; Mfg. 
Processes; Materials Handling for 
Low-Cost Production; Standards for 
Control; Futures in Cold Extrusion; 
Management Development for a Mfg. 
Organization; Expense Control. 
Price: $2 to SAE Members; $4 to ncn- 
members. 
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THESE “HUMAN APPLAUSE METERS” judged the audi- 
ence response to the extemporaneous remarks by the sur- 
prised speakers chosen to represent their table at the 


Surprise Luncheon on Tuesday. 


Can you think of some- 


thing bright and witty to say on these subjects in 2 min 
or less: Should You Be Afraid of Your Boss? Why Should 


You Have a Male Secretary? 
between Engineering and Manufacturing? 


How to Improve Relations 
Left to right: 


J. L. Myers, Cleveland Graphite Bronze Co.; A. C. Schlie- 
wen, White Motor Co.; R. G. Hill, Leece-Neville Co. 


WELL PLEASED with the program planned for the 1961 National 
Production Meeting were E. H. Scott (left), chairman of the host 
Cleveland Section and Dr. Harry B. Osborn, |r., Tocco Division, Ohio 
Crankshaft Co., who proved to everybody's satisfaction that a 
“toastmaster” can really liven up a dinner meeting. 


YOU, TOO, would have had a friendly wel- 
come from official greeters Harold Sanders 
left), Pesko Products Division, Borg-Warner 
Corp. and W. S. Coleman, White Motor Co., 
chairman of the Publicity Committee. 


News flashes from the Meeting .. . 


e Lorain assembly plant, home of 
the Falcon, Comet and Ford trucks, 
was built in record time. The first 
; ‘ steel was received in October; cars 

e Use of automatic equipment is were coming off the assembly line 
growing rapidly—in defense, in the following May. Now Ford’s 
large Manufacturing plants, and  jargest assembly plant, current out- 
even in the job shops. A develop- put is 1200 units per day. 
ment that may come along soon is 
setting up computer and numerical 


@ Titanium carbide tools containing 64% 
titanium carbide are now being run at 
speeds up to 1000 sfpm. 


control service establishments for 
those who cannot afford to own the 
necessary equipment. 


@ Instead of processing cut sheets, a 
large manufacturer is now brush finishing 
in the coil, then cutting to desired length. 


@A strong plea for improved metal 
finish standards was expressed during the 
meeting. A satisfactory method of finish 
evaluation would be welcomed, industry 
spokesmen told SAE members. 


MAY, 1960 


@ A report picked up at the meeting 
(unconfirmed) is that high energy forming 
is being used by at least one car manufac- 
turer for 1961 model prototypes. 


e A careful study of handling and 
storage costs has convinced an 
eastern manufacturer that use of 
air cargo shipments can greatly re- 
duce plant inventories. Costs stud- 
ies showed that carload lot shipping 
savings were being eaten up by 
handling and storage costs. 


@ Computers are being used effectively 
to determine conveyor loads. A month’s 
simulated production is put through a com- 
puter, enabling materials handling engi- 
neers to determine overloads, if any. Pro- 
duction schedules are then adjusted to bring 
conveyor loads in line with capacity. 


e Ingenuity in loading refrigera- 
tors being shipped in box cars has 
resulted in substantial savings for 
an appliance manufacturer. Form- 
erly, boxed units were shipped up- 
right two high in railroad cars, 
leaving a large air space at the top 
of the car. A special lift truck now 
lifts boxed refrigerators and slides 
them into horizontal position. A 
vacuum cup arrangement attached 
to a special lift truck permits fast 
unloading at destination. 


e@ If you're having supervision problems, 
console yourself with this: 

At Ford's Lorain plant, 150 out of 173 
foremen have had 14 months industrial 
experience or less. 
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Spacecraft and 


are featured topics at SAE 


HE NEXT DECADE IN AIR 

TRANSPORT should be a period 
of consolidation, improvement in 
service, and reliability, Sir George 
Edwards declared in his address 
given at the dinner on April 7. 

He warned against the premature 
introduction of a supersonic trans- 
port, and the dangers to the free 
world of injecting it into the world’s 
airline services before the operators 
were financially or operationally ca- 
pable of absorbing it; or before there 
had been sufficient operating ex- 
perience in the speed range and 
general design characteristics to en- 
able passengers to be carried with 
safety. ... 

What he really wants to see hap- 
pen, he said, is more responsibility 
toward achieving the overall goal of 
what is best for the traveling public 
in the world, and if to achieve this 
some of the ruthless competition has 
to go— let it go... . The pattern in 


Britain has changed so that twenty 
Sir George Edwards (right) receives the Daniel 


odd firms are now merged into five 
: Guggenheim Medal from Jerome Lederer, chair- 


zyroups. Sir George vocate 
a ees Sit bini . of = og a man of Program Committee, Daniel Guggenheim 
is type of com ng o rts ON Board of Award 


a broad front. 


o™ Crossfield, principal speaker, with Toastmaster 
Col. Fred J. Ascani before April 6 luncheon. Over 300 
persons watched a movie on the X-15, and heard Test 
Pilot Crossfield describe its performance and potential. 
He said an advanced version could be put into orbit with 
a change in materials and a higher thrust. 


SPOTLIGHT IS ON THE HEAD TABLE, as Sir George Edwards rises to give his address at the dinner held on April 7. 





turbine transports 


National Aeronautic Meeting 


Luncheon Speaker Adm. William F. Raborn has 
a funny story for Toastmaster |. V. Miccio 


USSIA WOULD HAVE GREAT 
DIFFICULTY locating Polaris 
subs — and virtually all Russia is 
a target for the Polaris, Adm. Wil- 
liam F. Raborn said in his April 5 
luncheon talk. 
He cited the following advan- 
tages to mobile sea launch sites: 


(1) They are immune to sur- 
prise attack —can’t be zeroed in 
ahead of time. 


(2) They are available under 
constant 30-min countdown. 


(3) They allow mature decision 
— prevent initiation of all-out war 
due to false information of ICBM 
attack. 


(4) Silent mobility — they oper- 
ate in free oceans. 


(5) Low cost — Polaris sub has 
useful life of 15 yr. 


H. H. Hanink (left) and J. D. Redding discussing details of Aeronautic 
Meeting. They headed committee which planned the meeting. 


OMBINE over 2000 engineers, 33 

technical sessions for paper and 
panel presentations, a missiles and air- 
craft display, and meetings of over a 
score of technical committees of the 
Society and the Coordinating Research 
Council. Spice the mixture with a 
behind-the-scenes tour of Idlewild, a 
liberal sprinkling of experts, and re- 
nowned guests speaking at two lunch- 
eons and a dinner. Mix well at the 
Hotel Commodore, New York City, and 
you have the cake-taking spring Na- 
tional Aeronautic Meeting, held April 
4-8. 


To be more specific about the ingre- 
dients: 


e Technical sessions and panels cov- 
ered transports — what the next gen- 
eration will look like and solutions to 
problems of the current generation. 
Also discussed were spacecraft of the 
future, including their reliability, con- 
trols, and problems of men in space. 
Some of our weapon systems were 
talked about — with emphasis on reli- 
ability. And, manufacturing proce- 
dures necessary for modern aircraft 
and missiles were reviewed. 


e There were two luncheons — one 
featured Admiral W. F. Raborn speak- 
ing on the Polaris missile, and the 
other, Scott Crossfield, who discussed 
the X-15 and his experience as test 
pilot of this experimental plane. 


e Dinner on April 7 featured Sir 
George Edwards, principal designer of 
the Vickers Viscount, speaking on 
changing patterns in turbine transport. 
He was presented with the Guggenheim 
Medal for notable achievement in the 
advancement of aeronautics. 


e Melvin N. Gough, famed test pilot 
and director of NASA activities at the 
Atlantic Missile Range, received the 
Laura Taber Barbour award for con- 
tributions to flight safety. 


e Over 100 students attended the 
Student Engineers Night program. 


The happy blend was planned by a 
committee headed by H. H. Hanink, 
Wright Aeronautical Division, and J. D. 
Redding, Remington Rand Univac Mili- 
tary Division. Hanink was responsible 
for production-engineering sessions, 
and Redding for sessions on design en- 
gineering and airline operations. 


The Nuclear Congress, of which SAE 
is a sponsor, was held concurrently in 
New York. Sessions on nuclear-pro- 
pelled space vehicles, components for 
nuclear-propelled space vehicles and 
aircraft, and nuclear-propelled air ve- 
hicles were also sessions of the Nuclear 
Congress. 
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William Littlewood, SAE past-president (left) and Harry 
Chesebrough, SAE President, find time to compare notes. 


Mrs. Peggy Norris and Mrs. Doris Renninger, governor and secretary, 
respectively, of the New York and New Jersey Section of the Ninety- 


Walker L. Cisler (left), ASME 
president, and M. G. Beard 
American Airlines, tell Ameri- 
can Airline stewardess what a 
good job she did distributing 
corsages and boutonnieres to 
the ladies and gentlemen pres- 
ent at the April 7 dinner. 


Melvin Gough (left) receives 
the 1960 Laura Taber Barbour 
Air Safety Award from Frazar 
Wilde. Gough is director of 
NASA activities at the Atlantic 
Missile Range; Wilde is presi- 
dent of Connecticut General 
Life Insurance Co., and retiring 
chairman of the Barbour Award 
Board. 


This and that from the Meeting .. . 


@ REPLACEMENT OF CURRENT GENERA- 
TION of jet transports should be in the Mach 
1.3-2 range. Mach 3 airliners would have to 
be new shape, made of welded steel sheet, 
and equipped with costly new engines. Flight 
testing of such an aircraft could cost as much 
as $60 million. 


e BOOM produced by supersonic air- 
craft can be lessened by new design 
techniques. Noise comes from two 
waves — one created by the fuselage, 
and one by the wings. There is evi- 
dence that the wings and body of fu- 
ture supersonic aircraft can be de- 
signed so that the two waves tend to 
cancel each other. 


@ ROBERT E. JOHNSON WAS SURPRISED 
to find himself a “hero” at the Air Transport 
Activity Committee meeting. His registration 
lapel card, which should have read Wright 
Aero Division, had him located in the Wright 
Hero Division! 
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@ NEW FABRICATION METHODS will be 
needed for hypersonic and space vehicles . . . 
present costs are extremely high. One possi- 
bility is that holes, rivets, joints may be elim- 
inated in future designs. 


e AN INTERNATIONAL FLAVOR 
was added to the meeting by a num- 
ber of “foreign visitors.”” Among the 
visitors from outside the United 
States were: C. H. Jackson, C. Abell, 
and J. Romeril, of British Overseas 
Airways Corp., England; Bo Lund- 
berg, Aeronautical Research Insti- 
tute, Sweden; F. B. Greatrex and 
A. A. Lombard of Rolls-Royce, Eng- 
land; B. S. Shenstone of British 
European Airways, England; G. M. 
Lewis of Bristol Siddeley Engines, 
Ltd.; A. Pean, of Air France; R. D. 
Hiscocks, DeHavilland, Canada; J. T. 
Dyment, Trans Canada 
Canada, and G. Berg of International 
Civil Aviation Organization, an Aus- 
tralian working in Canada. 


Airlines, 


Nines (International Organization of Licensed Women Pilots), have an 
animated discussion with Herbert Fisher and Melvin Gough. 


e RUSSIA'S AIRCRAFT ACCIDENT 
RATE is bound to go up in the com- 
ing months. Reason: The Russians 
just don’t have airplane accidents 
unless there’s a foreigner abroad, or 
the plane crashes in foreign territory 
Thus, since the number of tourists 
to Russia is increasing, the number of 
accidents reported will increase. 


@ S-62 SINGLE-TURBINE amphibian has been 
climbing the Himalayas, according to Miller 
Wachs, Sikorsky. 


e STUDENT ENGINEERS NIGHT 
saw over 100 students tour the mis- 
siles and aircraft engineering display, 
attend a special student session at 
which they were addressed by E. 
J. Manganiello—associate director, 
NASA Lewis Research Center. He 
discussed how to keep up with trends 
in technology. After coffee and 
doughnuts, the students attended an 
evening session on nuclear-propelled 
space vehicles. 
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STUDENTS examine CONFERRING at Special Student Session are T. B. 
mouse-sized high- Rendel, Vice-Chairman, Students, Metropolitan Sec- 
altitude chamber , : tion (left), Mel Friedman, Chairman, CCNY Student 
during tour of dis- , te ‘ Branch, and E. J. Maganiello, of NASA, who addressed 
play the students. 


Many points were made clearer at the technical sessions 


by means of displays. 


DESIGN PROBLEMS of integrating accessory power systems for future space 
vehicles were illustrated by a hypothetical glide vehicle 


en 


N 
T58 ENGINE was example of Navy turboshaft development. Model illustrates problems in launching a space ferry from 
Er the earth's surface so as to MAKE CONTACT WITH AN 
GENERA ELECTION ORBITING SPACE STATION. 


GAS BEARINGS for airborne accessory equipment. 


bet" tee a at ie ee 


aes 


a rae 


a 





Te 


1960 SAE National Aeronautic Meeting included: 


Selection of Accessory Power Systems for 
Long-Duration Manned Space Vehicles, E. T. 
Raymond, Aero-Space Division, Boeing 
(154A) 


SNAP-2 A Reactor Powered Turboelectric 
Generator for Space Vehicles, Lt.-Col. G. M. 
Anderson, U. S. Atomic Energy Commission 
(154B) 


Heat Transfer Problems of Space Vehicle 
Power Systems, Capt. R. A. Trusela and 
R. G. Clodfelter, Wright Air Development 
Division (154C) 


Integrated Approach to the Planning 
valuation, and Control of Capital Facilities, 
W. Coldbeck, Thompson Ramo Woold 

ige (155A) 


Reducing the Paper Mill Through Methods 
and Systems Simplification, H. A. Helstrom, 
Jr., Chance Vought (156A) 


anufacturing Expense Controls, R. M. Ly- 
nas, Thompson Ramo Wooldridge (156B) 


Basic Studies on Base Metal Thermocouples, 
J. F. Potts, Jr. and D. L. McElroy, Oak Ridge 
National La (158A) 


als for High 0-4000 F) Gas Er 
Temperature Measurement A. R. 
Anderson ond D. J. MacKenzie, Aero Re 
ch Instrument C (158B) 
Desigr Procedure for Thermocouple 
L. B. Haig, Research Labs., General 
(158C) 


Determination f Therm u 
-onstants with Use of a Variable 
Variable Density, Wind Tunnel, 
3 the Analytic Evaluation of Conducti 
Radiation, and Other Secondary Effects 


R 
A. F. Wormser, Genera! Electric (158D) 


A Stable High Temperature Thermometry 
Rig, R. J. Moffat, Research Labs., General 
Motors (158) 

ntercomparison f Thermoc upile Respc nse 
Data, F. R. Caldwell, L. O. Olsen and P. D. 
Freeze, National Bureau of Standards (158F) 
Dynamic Testing of Gas Sampling Therm« 


uples, J. D. Meador, Allison (158C) 


Time Response Characterist f Tempera 
ture Sensors, M. D. Scadron, Aero Research 

nstrument C (158H) 
Engineering Standards for the Comparison 
of Direct Electrical Conversion Devices, Lt.- 
Com. Frank Anders, U. S. Navy Bureau of 
Ships (159A) 


A Thermoelectric Air Conditioning Module 
for Sealed Cabins, H. L. Hall and P. L. 
Catron, Douglas El Segundo (159B) 


Thermionic Power Converter and Applica 
tions, J. GC. Leisenring, General Electric 
(159C) 


Fuel Cells A Technical and 
Study, A. M. Moos, Pattersor 
sion, Leesona Cort 159D) 


High-Temperature, Portable Fuel Cell 
Supply, E. DeZubay, Curtiss-Wright 


Concentration Cells, B. H. Clampitt 
and D. E. German, Boeing-Wichita (159F) 


Applications and Limitations of Metal Re 
moval Techniques in Aircraft and Missile 
Manufacturing, Michael Field, Metcut Re« 


search Associates (160A) 


Production Application of High Energy 
E. W. Feddersen, Convair Fort 
(160C) 


Explosive Forming, E. F. Mellinger and F. A. 
Cox, Ryan Aeronautical (T39) 


Future Trends in Materials Removal Tech 
niques, M. E. Merchant, Cincinnati Milling 
Machine (T40) 


Theory and Application of the Plasma Arc 
R. M. Cage, Linde C Division, Union Car 
bide (T41) 


Process Refractometer for Continuous Plant 
Stream Monitoring, D. 0. Doran and Y. M. 
Chen, Daystrom (161A) 


New Developments in Air Gaging, N. H. 
Sanderson and Max Knobel, B. C. Ames Co. 
(161B) 


Notes on the Results of Recent Tests of a 
Momentum Exchange Type Silencer for 
Turbojet Engines, &. J. Stringas, Curtiss- 
Wright (162A) 


Design and Development of the General 
Electric CJ805-3 Thrust Reverser and Noise 
Suppressor, W. S. Bertaux, General Electric 
(162B) 


Bypass Engine Noise, F. B. Greatrex, Ro 
Royce, England (162C) 


System Test GSE for Modern Weapons Sys- 
tems, W. M. Alford and D. W. Cogswell, 
Hamilton Standard (163A) 


Boot-Strap Launching A Step Toward 
Simplified GSE, C. C. Worstell and W. A. 
Beck, Boeing (163B) 


Designing Hard |CBM Launching Sites, W. R. 
ies and M. V. Kadlick, American Ma 
ne G Foundry (163C) 


Acoustically Induced Fatigue Cause, So 
ition, and Design Analysis, E. W. Thrall, 
Jr., Douglas El Segundo (164A) 


Resonant Fatigue Failures Associated with 
Noise, R. N. Bingman, Wright Air Develor 
nent Division (164B 


An Interplanetary Ext 
Beall, Boeing (165A 
Nuclear Space Vehicle ing Pebble Bead 
Reactors, M. M. Levoy and J. J. Newgard, 
Reaction Motors Div n. Thiokol Chemical 


165B) 


Electr an ulsion and Power Requirements 
for Space shicles, F. . Stull and V. W. 
Shiel, Wright Air Dev pment Division 


(165C 


New Design pproach for Supersonic 


rt, C. L. Blake. Convair (166A) 


le, W. E. 


Wave Noise f Supersonic Aircraft 
. L. Ryhming, Y. A. Yoler, and Y. Aoki, 
cientific Research Lat Boeing (166B) 


Supersonic Air Transport + Airline 
Talks Back, B S. Shenstone, British European 
Airways (166C 


Nuclear Rakets for Lifting Manned Stations 
nto Space, HM. F. Crouch, Norair (167A) 


Choice of Engine Type for Nuclear-Powered 
Mult Purpose A rcraft, D. P. Lalor and W. 
C. Schmill, Dougla Long Beach (167B) 


Some Practical Methods for Fabricating 
Shields for Nuclear-Powered Aircraft, W. Q. 
Hullings and J. L. McDaniel, Convair Ft 
Worth (167C 

| 


High-Temperature Materials for Solid-Pre 
pellant Rocket Engines, E. L. Gray, Utah 
Division, Thiokol Chemical (168A) 


Ceramic Bodies and Coatings for Rocket 
Er 8 ne Applications, W. T. Monagle, Reac- 
tic Motors Division, Thiokol Chemical 


(168B) 


Structural and Insulative Characteristics 
Ablating Plastics, J. L. Beal, C. A. Sterbut- 
zel, N. E. Wahi, and F. A. Vassallo, Corne!! 
Aeronautical Lab. (168C) 


of 


Nuclear-Powered Airship, Leo Jurich, Go 
year Aircraft (169A 


Potentia *f Nuclear-Powered Aircraft for 
Commercial Cargo Transp J. F. Brady, 
Je., Convair (169B 


Flight Reliability in Nuclear Aircraft, L. W. 
Credit, Martin (169C) 


Trends in Navy Turbopror 


gine Developments, Com. A. L. Rasmussen, 
U. S. Navy BuWeps (170A) 


The CL-44, a Breakthrough Cargo Aircraft 
K. H. Larsson, Canadair (170B) 


Aeroflot et y Aviation Ss. D. 
Browne, W. H. N C $235 


Turboshaft Er 


Performance and Design Criteria f 
Adaptive Circuit Proposed for a Space Re 
Entry Vehicle, W. E. “Beauchemin, Bell Air 
craft (171A 


Minimum Flyable Handling Qualities of Air 
plane Gifford Bull, Cornel! Aeronaut 
1718) 


Landing Aircraft Automatically and Reliably, 
E. W. Velander, Autonetics (171C) 


Discussion of Some Design Problems Asso- 
ciated with Artificial Feel Systems of Air- 
planes With Irreversible Powered Flight 
Controls, Tsun-Ying Feng and Donald Neil, 
Bell Aircraft (171D) 


The Turbofan Engine and Its Application 
Versatility, S$. M. Taylor and C. B. Brame, 
Pratt G Whitney Aircraft (172A) 


Aft-Fan Engines for Commercial Transports, 
B. J. Gordon and R. C. Hawkins, Flight Pro- 
pulsion Division, General Electric (172B) 


Turbofan and Bypass Type Engines for Jet 
Transports, A. A. Lombard, Rolls-Royce, 
England, and D. Cerdan, Allison (172C) 


Man and Space, Lester Carlyle, Douglas El 
Segundo (173A) 


Human Engineering Payoff, Maj. J. A. Mac- 
Donald, Wright Air Development Division 
(173B) 


Pilot Instrumentation for Vehicle Control in 
Near Space, C. J. Hecker, Sperry Gyroscope 
(173¢C) 


A Comparative Analysis of V/STOL Types 
on a Payload-Range Basis, John Aydelotte, 
Boeing (174A) 


n VTOL Aircraft Propulsion System 
uirements, J. B. Nichols, Hiller (174B) 
A High Energy Absorption Landing Gear for 
VTOL Aircraft, C. L. Wharton, Jr., Georgia 
Division, Lockheed Aircraft (174C) 
Considerations of the Rendezvous Problems 
of Space Vehicles, J. C. Houbolt, NASA 
Langley Research Center (175A) 


ptive Control Considerations for Re 
y Flight, J. H. Ahiberg and J. W. Clark, 
ed Aircraft Research Labs. (1758) 


nt 


1a 
r 
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Recent High-Temperature Bearing Develor 
ments, J. H. Johnson, Marlin-Rockwell 
176A) 


Recent Developments in High-Temperature 
Bearings and Lubricant P. Cc. Hanlon, 
Wright Air Development Division (176B) 


Development Progress on Gas Bearings for 
Airborne Accessory Equipment, C. R. Adams, 
Aero-Space Division, Boeing (176C) 


NASA Research on High-Temperature Bear 
ng Problems, W. J. Anderson and €E. E. 
Bisson, NASA Lewis Research Center 
176D) 


What Makes a High-Energy Propellant? 
John Clark, U. S. Naval Air Rocket Station 
177A) 


Design Aspects of an Air Breathing Booster 
W. H. Bond and R. F. Mawhinney, Con 
vair (177B) 


New Diet for the X-15 Engine, GC. R. 
Cramer and H. A. Barton, Reaction M« 
tors Div., Thiokol Chemical (177C) 


Analysis of Problems of Oil Film Lubrication 
for Bearings Under Space Conditions, Charles 
Apt and N. Wiederhorn, Arthur D. Little 
ne. (742) 


Applications and Limitations of New Devel 
opments in Meta Joining Processes, P. J. 
Rieppel, Battelle Memorial Institute 

¢ 


members 2.0 nonmember 


SP-173) 


B-58 Reliability Program; N. H. Simpson, 
R. E. Brady, R. D. Chase, B. M. Wall, 
J. L. Coburn, Convair-Fort Worth: W. J. 
Huber, E. Klosko, S. A. Rosenthal, W. J. 
Thompson, Sperry Gyros Cene Bar- 
nard, Emerson Electric >3.00 
to members; $6.00 to 


SP-183) 


1960 New York Aeronautic Manufacturing 
Engineering Symposium includes discus 
non Facilities Planning and Introduction 

f New Product Engineered Manufactur- 
ng Management Reliability Organiza- 
and Achievement What's New in 
ufacturing Methods New Techniques 

f Measurement; and How to Manage and 
Control Manufacturing Research to 


member 4 to nonmembers Available 


after June 10, 1960 (S$P-331). 


Papers are available through SAE Special Publications Dept. Prices: 50¢ a copy to members: 75¢ a 
copy to nonmembers. Special Publications are priced as noted in the listing. 
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AIR TRANSPORT ACTIVITY COM- 
MITTEE meeting had solid “foreign” 
representation. Here, visitors to the 
United States pose with committee 
chairman Harold Hoekstra. Left to 
right: R. D. Hiscocks, C. H. Jackson, 
J. T. Dyment, C. Abell, B. S. Shen- 
stone, Bo Lundberg, G. Berg, and 
Chairman Hoekstra. 


Foreign members and guests 
exchanged ideas with U.S. 
engineers... 


J. E. Davis of American Dr. Arthur Nutt, SAE 

Airlines (left) and A. A. past-president, (left) 

Lombard, Rolls-Royce, chats with Bo Lundberg, 

discuss turbofan engines director, Aeronautical 

prior to session. Research Institute of 
Sweden. 


John Romeril of British Overseas Airways (second from right) engaged in a pre-panel F. B. Greatrex of Rolls-Royce, England (right) 
discussion with F. E. Tobin, R. P. Foster, and R. H. Bartlett calls E. J. Stringas’ attention to interesting point 
in paper. 


At the Missiles and Aircraft Engineering Display . . . 
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STREAMLINED “SUPERMARKET” CHECKOUT COUNTERS in Inter- 
national Arrival Building. This system cuts customs processing time to 
20 min or less for each incoming passenger — about half the time of 
former procedures. 


Behind-the-Scenes 


» Idlewild 


Engineers inspect facilities 









on tour arranged by 
SAE Metropolitan Section 
as part of 1960 SAE National 


Aeronautic Meeting. 





ONWARD to 
mezzanine 
overlooking 
lobby . . 









. . . CONTROL 
TOWER — 150 ft 
high — is seen in 
background. 


( 
4 
\ 


f 


BOARDING PROCEDURES for overseas passengers were explained at 
Air France facilities. Planes are boarded via enclosed second-floor 
arcades in the Wing Buildings. 
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U. S. WEATHER STATION uses ad- 
vanced techniques such as Radio- 
sondes, which are sent up by balloon 
four times a day to an altitude of 
approximately 100,000 ft. These de- 
vices are sent aloft to evaluate ver- 
—— : 7 tical distribution of temperature, 

FAA AIR ROUTE TRAFFIC CONTROL center is HIGH ALTITUDE space control is explained to  wmidity, and pressure. 

beehive of radar screens, phones, charts, and fleet- tour group. 

footed personnel. 
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OBSERVATION AND FORECAST 
PROCEDURES were explained. 
Little-known fact is that a 704 com- 
puter integrates the weather infor- 
mation for the Northern Hemisphere 
at half-hour intervals. 

BOEING 707 was parked at American Airlines Hanger maintenance ramp. It was 

inspected outside . . . and in. Brief rundown on plane revealed that it can carry 

15,516 gal of fuel. 


PAA JET ENGINE OVERHAUL SHOP was 
toured from initial dis-assembly to test cell. 
After 1200-1500 shop man-hr, the engine is 
ready for test — which averages 3 hr. Com- 
plete engine has approximately 7000 parts. 
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LEON F. DUMONT has a new as- 
signment at Dupont in Wilmington. 
He has been made technical assistant 
in the “Freon” Products Division, 
working on technical aspects of market 
development, application, and sales of 
“Freon” fluorinated hydrocarbon sol- 
vents. Dumont, who is chairman- 
nominee for the Philadelphia Section 
for 1960-61, has been active in Section 
affairs ever since he joined Dupont 
some 12 years ago. His first work there 
was in research on interrelationships 
of fuels, oils and engines. Later he 
became project engineer working on 
chemical plant design problems — and 
then succesively was chief supervisor 
in the maintenance and construction 
division, the power division and the de- 
sign division of Dupont’s Plant Engi- 
neering Department. 


L. I. WOOLSON, vice-president of 
Chrysler Corp. and formerly director 
of Chrysler’s manufacturing staff and 
services, has been named manager of 
the newly formed Service Parts and 
Accesory Division within the Automo- 
tive Sales group. This division will 
combine the activities of the MoPar 
wholesale and dealer sales organiza- 
tion, and the service parts and acces- 
sory supply organization. 


JOHN E. BRENNAN, vice-president 
and group executive, Chrysler Corp. 
Stamping and Chassis Parts group, has 
been appointed director of corporate 
manufacturing staff and services, suc- 
ceeding L. I. Woolson. Responsibilities 
of the corporate manufacturing staff in- 
clude manufacturing engineering, qual- 
ity control, inter-plant transportation 
and plant protection. 


CHARLES D. MANHART has be- 
come vice-president of Daystrom, Inc. 
and president of the defense Products 
group of Daystrom. Previously he was 
vice-president for government rela- 
tions at Raytheon Mfg. Co. 
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WILLIAM A. McKINLEY has retired 
as board chairman of Midland-Ross 
Corp. He will continue as a director 
of the company. 

McKinley has served Midland-Ross 
and its predecessor firms for 40 years. 
He was president and director of Mid- 
land Steel Products Co. before it 
merged with J. O. Ross Engineering 
Corp. to form Midland-Ross. At the 
time of the merger he was board chair- 
man of Midland Steel Products. 


ARTHUR J. WELCH has been 
elected president and general manager 
of Borg-Warner Corp.’s Spring Divi- 
sion. 

Welch was elected a vice-president 
of the Spring Division in 1954. He 
served subsequently as vice-president 
and assistant general manager, vice- 
president and general manager, and, 
most recently, executive vice-president 
and general manager. 


ALEX TAUB, out of retirement, is 
consulting engineer for Documentation 
Inc., pioneers in the information theory 
field. 


LEWIS S. BEERS, formerly an engi- 
neer for The Martin Co., is now em- 
ployed by the Missile and Space Vehicle 
Division of General Electric Co. 

Beers was chairman of the April 5 
session on Direct Conversion to Elec- 
tricity — II of SAE National Aeronau- 
tic Meeting. 


RALPH ISBRANDT, director of au- 
tomotive engineering and research for 
American Motors Corp., has been 
elected chairman of AMA’s Engineer- 
ing Advisory Committee 
Paul Ackerman, vice-president, engi- 
neering, Chrysler Corp., Engineering 
Division. 

ROBERT B. ROBINSON has become 
senior contact engineer for GMC Chev- 


rolet Motor Division with headquarters © 


at Buffalo, N. Y.. Previously he was 
contact engineer at Flint, Mich. 





succeeding © 
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ROY C. INGERSOLL, chairman of 
board of Borg-Warner Corp., has been 
elected a senior board member of the 
National Industrial Conference Board 
for a term of three years. 


RICHARD S. WOODBURY has been 
appointed director of techno-econom- 
ics research at Southwest Research 
Institute. Previously he was assistant 
to vice-president. 


EARL E. KEARNS has become presi- 
dent of Private Air Travel, Inc. For- 
merly he was manager of metropolitan 
transportation for General Electric Co. 


Dumont 
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E. J. BLIGARD has been appointed 
manufacturing manager of MB Elec- 
tronics, a Division of Textron Electron- 


ics, Ine. Formerly plant manager of 
the Machine Shop Division, Bligard 
joined MB in 1950 as an engineer on 
the design and development of engine 
vibration isolating mounts. 


GERALD R. HOLLY has been named 
manager of sales engineering for De- 
troit Diesel Engine Division of General 
Motors Corp. In this position he will 
be responsible for the Division’s appli- 
cation engineering function, product 
pricing, forecasting, order processing, 
and data processing. 

He has been general supervisor of 
specifications and price analysis since 
1959. 


E. GILBERT MASON, president and 
general manager of Teco, Inc., has in- 
vented the “Mason Seat,” a scientifi- 
cally designed contour chair for airline 
passengers. 


JAN LIYTTERLINDE has joined 
Yale & Towne Mfg. Co. as factory ex- 
port representative for Africa and the 
Middle East. He will reside with his 
family in Johannesburg, South Africa. 
Previously he was product sales man- 
ager for Baker Industrial Trucks. 


HARRY JOHN DELL, previously de- 
sign engineer for Manufacturers Light 
& Heat Co., is now design and produc- 
tion engineer for Reeves Hoffman Divi- 
sion. 
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ROBERT M. RIBLET, chief engi- 
neer, Automotive Division, Timken 
Roller Bearing Co., has retired after 
48 years’ continuous service. 

Riblet joined Timken in 1912 as 
draftsman in their Engineering De- 
partment. In 1918 he took charge of 
the company’s engineering laboratory 
and two years later was appointed sales 
engineer for Tractor and Farm Imple- 
ment Division of their Chicago office. 
In 1922 he returned to their home office 
as chief draftsman. He became assist- 
ant chief engineer, Automotive Division 
in 1934 and four years later was ap- 
pointed chief engineer. 

Riblet has played an important role 
in standardization of tapered roller 
bearing sizes on national and inter- 
national levels. He is a past vice- 
chairman of SAE Cleveland section 
and has served on SAE Ball and Roller 
Bearing Committee. 


ROBERT L. WILLIAMS succeeds 
R. M. Riblet as chief engineer, Automo- 
tive Division, Timken Roller Bearing 
Co. Williams joined Timken in 1938 as 
industrial sales trainee in the Engineer- 
ing Department. 

Subsequently he became sales engi- 
neer at Cleveland, district manager of 
industrial sales in Ontario, and district 
manager of industrial sales at Colum- 
bus, Ohio. Most recently he was as- 
sistant chief engineer, Automotive Di- 
vision. 


J. WILLIAM PUTT has become 
president of Encon, Inc. at Kingston, 
Pa. Previously he was assistant to 
president for Public Service Enterprises 
of Pa., Inc. 


WILLIAM C. FUHLBORN, formerly 
manager of used car conditioning at 
Ken Ralph Lord, Inc., is now assistant 
service manager for George B. Dayle, 
Inc. 


JOHN C. HAMPSON has been named 
vice-president, manufacturing and en- 


. gineering at Northern Fibre Products 


Co. Previously he was general man- 
ager of Rockwell-Standard Corp.’s Re- 
search Division. 


HERMAN L. COPLEN, JR. has 
joined Aerojet-General Corp. as prin- 
cipal engineer for nucleonics. Previ- 
ously he was a member of the technical 
staff at Institute for Defense Analysis, 
Advanced Research Projects Agency at 
Washington, D. C. 


HENRY B. HUTTEN has become 
supervisor of project administration 
for International Electric Corp. Pre- 
viously he served General Electric Corp. 
as planning supervisor. 


WILLIAM I. KARGELA, formerly 
senior design engineer, is now principal 


=. engineer for chassis section, Ford Mo- 


tor Co. 





RICHARD H. WHEELER has been 
named vice-president in charge of 
manufacturing at Warner Automotive 
Division, Borg-Warner Corp. His for- 
mer position was works manager at 
Controls Division of Black, Sivalls & 
Bryson, Inc. 


MARION F. THORNE has been ap- 
pointed to the newly created post as- 
sistant to executive vice-president at 
Thompson-Ramo-Wooldridge, Inc. He 
will continue to serve as director of ex- 
ecutive staff services for Ramo-Wool- 
dridge Division. 


ROBERT L. STANLEY, executive 
secretary of Diesel Engine Manufac- 
turers Association, is secretary of the 
U. S. National Committee of CIMAC 
(International Congress of Combus- 
tion Engines), which recently an- 
nounced that the next Congress will be 
held at Copenhagen, Denmark, in June 
1962. 

The theme of the Congress will be 
“Recent Developments With Diesel En- 
gines and Gas Turbines Above 3000 HP 
and with Gas Engines Above 1500 HP.” 
Anyone interested in presenting a pa- 
per at the meeting should send a re- 
sume to U. S. National Committee by 
December 15, 1960. For further in- 
formation contact Stanley at 2000 K 
Street, NW, Washington 6, D. C. 

The U. S. National Committee is 
sponsored by Oil and Gas Power Divi- 
sion and Gas Turbine Power Division of 
American Society of Mechanical En- 
gineers. JOHN C. GIBB, of Socony 
Mobil Oil Co., chairman of Oil and 
Gas Power Division, is chairman of the 
U. S. National Committee, and R. TOM 
SAWYER, consultant, treasurer of Gas 
Turbine Power Division is vice-chair- 
man. 


B. E. COUNCIL has been named to 
succeed Enos Cave as assistant director 
of technical services at Continental Oil 
Co. Previously he served them as dis- 
trict manager. 


J. E. GIECK, former member of sales 
engineering staff in Detroit, has been 
named Airide sales manager of Fire- 
stone Industrial Products Co. 


W. H. CHASE, formerly plant man- 
ager for Clevite Corp., is now serving 
Lone Star Boat Co. in a similar capac- 
ity. 


RAYMOND N. OKONSKI has be- 
come vice-president in charge of sales 
and plant operations for Dynamic Fil- 
ters, Inc. Previously he was director of 
new product development at Michigan 
Wire Cloth Co. 


DARREL M. VINCENT has been ap- 
pointed chief engineer for Wayne Mfg. 
Co. He joined the company nine years 
ago as design engineer and was most 
recently assistant chief engineer. 


(continued) 
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Five SAE Members are 
nected with Ladd & Little, 
a newly formed company, with 
headquarters in Huntington Sta- 
tion, Long Island, N. Y., which 
will engage in international tech- 
nological licensing and will ar- 
range joint ventures abroad for 
medium and smaller sized firms. 


con- 
Inc., 


The company has been formed 
by MONTAGUE V. LITTLE, who 
was general manager of Fairchild 
Engine & Airplane Corp.’s Al-Fin 
Division for 16 years, and 
GEORGE T. LADD, former chief 
engineer of Al-Fin Division. 


HOWARD L. ROAT has been ap- 
pointed works manager of AC Spark 
Plug Division operations in Milwaukee. 
In this capacity he will direct AC-Mil- 
waukee’s manufacturing and related 
activities. 

Formerly he was manufacturing 
manager of AC Spark Plug Division in 
Flint, Mich. 


ALFRED B. THACHER has been ap- 
pointed to the newly created position 
of manager of sales engineering for 
Hamilton Standard Division of United 
Aircraft Corp. Formerly he was Day- 
ton representative for the division. 


Haislmaier 
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GEORGE F. CHAPLINE, a for- 
mer Fairchild vice-president and 
general manager of its Engine 
Division, will serve the company 
as associate on government rela- 
tions. 

DR. ALFRED T. GREGORY, 
former Fairchild director of re- 
search and engineering, is also an 
associate, specializing in the con- 
cept and design of propulsion sys- 
tems. 

WILLIAM A. SHAVER, manu- 
facturers agent in Detroit, will 
handle liaison with automotive 
manufacturers in Mich. for Ladd 
& Little, Inc. 


DAVID SCOTT ULLMAN, previously 
technical writer for Caterpillar Trac- 
tor Co., has become associate engineer 
with Denver Division of The Martin 
Co. 


BARNARD BEVAN LEWIS, formerly 
field engineer in Los Angeles, is now 
field engineer in Seattle for Ethyl Corp. 


ERNEST H. PANTHOFER, vice- 
president of Perfex Corp., has been 
elected a director of the company. 
Panthofer joined Perfex in 1941 and 
served them as chief engineer prior to 
becoming vice-president in 1954. 


JAMES M. DILL has been appointed 
to the newly created position of special 
products sales manager for Russell, 
Burdsall & Ward Bolt & Nut Co. Dill 
joined RB&W as a sales representative 
in the Midwest in 1946 and was trans- 
ferred to Port Chester, N. Y. headquar- 
ters in 1955. 


GEORGE J. HAISLMAIER has been 
named general sales manager for the 
Automotive and Industrial Division of 
Modine Mfg. Co. A Modine veteran of 
10 years, Haislmaier was appointed 
sales manager of Industrial Division in 
1955 and was given added responsibili- 
ties as coordinator of automotive and 
industrial sales in 1957. 


W. H. DAY has been appointed divi- 
sion sales manager — commercial] for 
Shell Oil Co. Day joined Shell in 1937 
as clerk for their marketing service. 
Subsequently he became head office 
representative, division engineer in 


Cleveland, and most recently industrial 
products manager in Chicago. 


WILLIAM A. McCONNELL, man- 
ager of vehicles testing laboratory, Ford 
Motor Co., was recently awarded the 
honorary degree of Doctor of Engineer- 
ing by the University of Nebraska. 


GEORGE E. HERRMAN has been 
named manager of transportation sales 
at the Aluminum Co. of America. 
Herrman has been actively engaged in 
various transportation assignments for 
the past 20 years. He joined Alcoa as 
a sales engineer in the Detroit District 
Office in 1948. 


CHARLES B. EISENHAUER has 
been named general manager of Elec- 
tronics Division of Van Norman 
Industries, Inc. Formerly he was direc- 
tor of manufacturing at Continental- 
Diamond Fibre Corp. 


RAYMOND S. VICKER has become 
European manager for the Wall Street 
Journal. In this capacity he will re- 
port European technical and industrial 
developments. Previously he was news 
editor. 


THOMAS HARRISON RISK has be- 
come manager of materials, fuels and 
lubricants, department of engineering 
research at Ford Motor Co. Formerly 
he was manager of special product de- 
partment at the Ford Division. 


Eisenhauer 
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JAMES L. ROACH has been named 
vice-president and director of market- 
ing at Wyman-Gordon Co. Roach 
joined Wyman-Gordon in 1939 and 
has served them as general sales man- 
ager since 1958. 


GEORGE W. LA SALLE has been 
named vice-president in charge of engi- 
neering for Hercules Motor Corp. La 
Salle joined Herclues in 1928 and has 
been) closely identified with its engineer- 
ing and development activities. Most 
recently he was coordinator for the de- 
velopment of engines for use by the 
armed services and other governmental 
agencies. 


ROBERT E. ZELL, general manager 
of Ingalls-Shepard Division, Wyman- 
Gordon Co., has been named a vice- 
president of the company. Zell joined 
the company in 1942, and was works 
manager before becoming general man- 
ager of Ingalls-Shepard in 1959. 


JOHN D. HINTON has been named 
vice-president in charge of original 
equipment friction material sales at 
American Brakeblok Division, Ameri- 
can Brake Shoe Co. Formerly the di- 
vision’s general sales manager, Hinton 
has been with Brakeblok for 17 years. 


ROBERT T. CURCURU has been 
appointed a vice-president of Pioneer 
Engineering & Mfg. Co., Inc. and gen- 
eral manager of their new Wettlaufer 
Mechanical Engineering Division. 
Curcuru was formerly head of his own 
research and design engineering firm. 
He was with Chrysler engineering for 
over 20 years, leaving there when he 
was managing engineer of advanced 
truck chassis design. 


DONALD E. BUTLER, has been 
named vice-president in charge of 
sales at Royal Jet Division of Royal 
Industries, Inc. He is former vice- 
president and director of Airaterra and 
was vice-president for foreign licensing 
of Roylyn, Inc. 


RALPH BERTSCHE, electrical engi- 
neer, GMC Truck & Coach Division, 
recently attended a meeting on inter- 
national lighting standards in Rome; 
Feb. 29 to March 5 and a meeting of the 
working party of the Vehicle of the 
Economic Commission for Europe in 
Geneva March 21-25. 


" 
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WHEELER G. LOVELL, 
Ethyl Corp.’s research ad- 
visor, gave the James Clay- 
ton Lecture before a meet- 
ing of the Institution of 
Mechanical Engineers in 
London on March1. “Some 
Chemistry of Future High 
Compression Engines” was 
his subject. 

The Lectures originated 
through a fund provided by 
James Clayton, an IMA 
mem’er, for the purpose of 
“encouraging mechanical 
engineering science” ... 
and through which th» In- 
stitution was empowered to 
invite distinguished engi- 
neers to give lectures on en- 
gineering subjects of their 
choice. A number of SAE 
members have been chosen 
since the inception of the 
lecture series in 1947. 


TOUTE EEE 


CARL J. BARBEE, attorney for Au- 
motive Division of American Motors 
Corp., has been elected chairman of the 
Patent Committee of Automobile Man- 
ufacturers Association. 


PETER KULKA, previously technical 
engineer for General Electric Co.’s jet 
engine department, is now equipment 
and methods engineer for their semi- 
conductor products department. 


CHARLES S. KOEGEL, formerly an 
engineer for Westinghouse Electric 
Corp.’s flight test section, is now an 
engineer for their electro-mechanical 
section. 


FRANK BERRY is now a consultant 
on design and research of various hy- 
draulic pumps. Previously he was em- 
ployed by Berry Hydraulics of Corinth, 
Miss. 


DONALD JAMES SUTHERLAND 
has joined Ford Motor Co. as body de- 
signer. Formerly he was senior drafts- 
man at South Bend Division of Curtiss- 
Wright Corp. 


Hinton 
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W. G. Lovell gives Clayton Lecture 


HNUUUCUUUAAEOELUDOOD APOE OEOENOODADUEOCUOCOOOESUEDOEUEU OCDE ONO NEN cee U ED OEN ONES 


BULL TTT 


PROF. EDWARD F. OBERT, pro- 
fessor of mechanical engineering at 
University of Wisconsin, has been 
named a member of a joint steering 
committee which will coordinate re- 
lated programs at Lehigh University 
and North Carolina State for the 
strengthening of curricula in mechani- 
cal engineering through development 
of teaching and learning aids for labo- 
ratory instruction and for courses in 
design. 


LAURENCE BALL, assistant chief 
engineer, car dynamics, Chrysler Corp., 
Engineering Division, was AMA repre- 
sentative to a meeting in Rapello, Italy 
March 29-31 of a group on instrumen- 
tation and procedures of technical 
committee 42 of the International 
Standards Organization. 


WILLIAM C. SCHUSTER has been 
appointed fleet engineer with head- 
quarters at Lancaster, Pa. for Perfect 
Circle Corp. Formerly he was district 
manager at Louisville, Ky. 
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Automotive Body Drafting Standards for 1960 


OMMON industry practice is re- 

flected in the 1960 revision of seven 
sections of the SAE Automotive Body 
Drafting Manual. Their improved for- 
mat and incorporation into the Manual 
result from efforts of the Automotive 
Drafting Standards Committee to do 
three things: 


e Report on, but not select, industry 
practices of today. 

e Keep in focus the design-drafting 
relationship. 

e Provide technical content of value 
to draftsmen and engineers in all 
areas of automotive work. 


The sections affected by the 1960 
revision and ultimately destined for 
inclusion in the Joint Aeronautical- 
Automotive Drawing Standards Manual 
are: 

Car and Body Measuring — Gives a 
uniform method of measuring the in- 
terior and exterior of a car and its 
body. Use of this section will result 


T'S 


in similar methods of car and body 
dimensions so that relative sizes, seat- 
ing arrangements, and interior roomi- 
ness may be compared and checked. 

Body Draft Practice — Outlines 
drafting practices used in the design 
of automobile and truck bodies, fend- 
ers, hoods, and related sheet metal 
parts — methods which reflect today’s 
manufacturing techniques. 

Body Structure Practices —A direct 
and concise coverage of the salient 
points related to body structure prac- 
tices used by both the body engineer 
and body draftsman, in four parts: 


e Steps leading to the selection of 
the final clay model. 

e Body frame and unitized construc- 
tion concepts. 

e Design details of body hardware 
installations and structural com- 
ponents. 

e Definition of purpose and methods 
of bodies and bucks used to prove 
out an engineering design. 


. 
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Automotive Body Terminology — 
Provides a glossary compiled to effect 
a better understanding of terms used 
in body design. 

Body Mechanism — Classifies items 
which permit or generate motion by 
mechanical means, since body mecha- 
nisms are differentiated from struc- 
tural and sheet metal parts by their 
function. 

Body Silencing and Sealing — Covers 
various types of silencing and sealing 
materials and constructions generally 
used in the fabrication of automotive 
bodies. Materials used to insulate noise, 
heat, cold, dust, and water are de- 
scribed and illustrated. 

Chassis Frames —Pertains to car 
and truck structure as related to de- 
sign, interchangeability, rigidity, dura- 
bility, and testing. 

The sections listed above are avail- 
able in loose-leaf form and may be 
inserted in existing SAE Automotive 
Body Drafting Manuals. 
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THE MOTIVATING FORCE behind the 1960 revision of the SAE Autonotive Body Drafting Manual (shown at Wayne University’s McGregor 
Memorial Center) consists of: Standing from left, R. S. Kellogg, Chrysler Missile Operations; J. W. McCauley, Chrysler Corp.; G. J. Gaudaen, SAE 


staff; R. D. Barrett, International Harvester Co.; Eric Lange, Ford Motor Co. 


Seated from left: E. R. Fitzpatrick, GMC Fisher Body Division; Prof. 


R. T. Northrup, Wayne State University; F. A. Lane, GMC Truck and Coach Division; J. M. Slessor, Ford Motor Co.; Automotive Drafting Stand- 


ards Committee Vice-Chairman Harold Fisher, Bendix Products Division; Committee Chairman C. M. Wright, Chrysler Corp.; Douglas Love, SAE 
staff; R. L. Rice, Chevrolet Motor Division; J. H. Venema, Ford Motor Co.; Keith Epply, GMC Delco-Remy Division; W. G. Pierce, A. O. Smith Corp. 
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NEW WORK Ahead in ‘60's 
for SAE Technical Board Groups 


>» NEW standards numbering will cut distance between engineers 


and shop . . . Adapting man to new science-born equipment 


By DR. ANDREW A. KUCHER 


Board 


\ ' 
echnical 


Y 1965, about 300 totally new SAE 

technical reports will have merged 
with some 1558 existing Society docu- 
ments now in use by ground, air, and 
space industries. This prediction stems 
from a climate which indicates that 
SAE technical committee activity will 
continue to grow as it has since 1955. 


The General Outlook 


Man’s physiological and psychologi- 
cal needs will play an increasingly 
more important role in technical com- 
mittee work during the next five years. 
Physical tolerances and reactions, such 
as eye movement, will be the focal 
point of many foreseeable aeronautical 
and ground vehicle committee studies. 
Now under way is an SAE Riding Com- 
fort Research Committee study of 
man’s ability to resist shock and vibra- 
tion. Similarly, aero-space commit- 
tees are reviewing oxygen check-out 
procedures for air and space flight as 
well as problems encountered by inad- 
vertent human exposure to high alti- 
tudes. 


Ground Vehicle Committees 


State and Federal agencies are de- 
pending more and more on technical 
guidance such as that contained in SAE 
standards. This will mean heavier em- 
phasis on matters related to safe light- 
ing practices, brake fluids, and the like. 

A general expansion of the bull- 
dozer, crane, shovel, and tractor in- 
dustries has already been reflected in 
SAE technical committee work. And 
there is a good possibility of more to 
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will get more study . . . So will international standards, 


Defense Department relations to industry-generated 


standards, and many new aspects of other exist- 


ing areas of technical committee achievement. 


come. The need for standardization of 
such equipment has become increas- 
ingly evident with the growing use of 
mass production methods and testing 
techniques. 

The recent Technical Board approval 
of a numbering system for all SAE 
ground vehicle reports will enable SAE 
to provide a better information dis- 
semination service. This numbering 
system will definitely shorten the dis- 
tance between engineering depart- 
ments and shop facilities. It will also 
produce sounder understanding in 
user-producer contacts and remove ex- 
cess verbiage in regulatory documents 
when SAE reports are referenced. 

The need for international standard- 
ization will also be felt. More and 
more surface vehicles are crossing na- 
tional boundaries every year. So, 
lights, brakes, and bumper heights are 
likely areas for standardization studies. 

The Automobile Manufacturers As- 
sociation has already established a per- 
manent study group to monitor inter- 
national standardization needs. This 
group expects to use SAE standards as 
documents on which to base automo- 
tive discussions. 


Aero-Space Committees 


Aero-Space committees are moving 
toward information development in 
depth. This is evidenced by the num- 
ber of Handbook-type publications 
scheduled for release by SAE in the 
near future. For example, books on 
Applied Thermodynamics; Shock and 
Vibration; and Low Pressure, High 
Temperature, Pneumatic Ducting will 
soon be available. 

The Defense Department recently re- 
leased a document which permits Gov- 
ernment contractors to use industry 
generated standards, such as those cre- 


ated by SAE. Here, for the first time, 
industry will be permitted the free use 
of hundreds of SAE standards and 
specifications to meet production and 
logistic requirements in military con- 
tracts. Although SAE standards were 
previously used by government con- 
tractors, each manufacturer had to get 
specific approval of their use. 

Recent contacts with the SAE staff 
and General Orval Cook, president of 
the Aerospace Industries Association, 
indicate that AIA hopes to use the 
services of skilled engineering organ- 
izations, such as SAE, whenever these 
groups can satisfy the cooperative en- 
gineering needs of the aero-space in- 
dustry. As technological requirements 
change, a gradual increase in the de- 
mand for this kind of SAE service is 
anticipated. 

SAE aeronautical committees will 
continue to hold large meetings devoted 
to broad engineering subjects. This 
will bring together for an exchange of 
technical information men from all 
parts of the broadly distributed aero- 
space industry. 


Conclusion 


As the work of SAE technical com- 
mittees continues to develop along es- 
tablished lines, it will continue to 
complement and supplement other im- 
portant SAE programs, such as the 
SAE National Meetings, display activi- 
ties, publication objectives, and others. 
It will also continue to serve as a 
means of introducing qualified men to 
Society membership. 

Committee programs will continue 
to foster the needs of industry in the 
context of America’s free enterprise 
system. These programs give industry 
engineers a maximum opportunity to 
serve as individuals. 
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technishorts ... 


RESIDUAL STRESS AND FATIGUE 
— The Iron and Steel Technical Com- 
mittee has expanded the scope of its 
Division 4 (recently designated Resid- 
ual Stresses and Fatigue) to cover fa- 
tigue. This action will ultimately lead 
to the inclusion of fatigue information 
in the SAE Handbook. Division 4’s 
current chairman is John Millan, Cat- 
erpillar Tractor Co. 


Cc. J. JACOBUS, Yale and Towne Man- 
ufacturing Co., has been elected chair- 
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TACTICAL HELICOPTERS WERE VIEWED at close range by members of 
SAE Committee GSE-1, Military Support Equipment, during a 3-day meeting 
at Fort Rucker, Alabama, early this year. 

From left in first row are: L. M. Shipley, Allison; M. L. Stoner, SAE Staff; 
P. T. Nelson, NORAIR; Brig. Gen. E. F. Esterbrook, Fort Rucker; A. B. Billet, 
Vickers; W. Kaufmann, Space Technology Laboratories. 


Second row: GSE-1 Vice Chairman, 


R. G. Lohmann, Grumman; M. A. 


Stephens, Chance Vought; F. J. Liberman, Rocketdyne; H. H. Pfister, Ross- 
ford Ordnance Depot; K. E. Burham, Bell; David Mowrer, Boeing; R. E. Len- 


hart, McDonnell. 


Third row: E. H. Roy, Sundstrand; W. A. Furst, Consolidated Diesel Elec- 
trical Corp.; S. B. Pfeiffer, Douglas; W. C. Stillman, Solar; W. A. Headley, 
Jr., Martin; J}. P. Smith, Jr., Melpar; T. H. O’Brien, Brooklyn Polytechnic; T. 


H. Neighbors, Jr., Lockheed. 


Fourth row: W. W. Toy, Vickers; J. W. Massey, Beech: Maj. C. |. Green, 
Brookley AFB; L. C. Barnes, Bendix Aviation; Cmdr. J. A. Laurich, U. S. Navy 
Bureau of Aeronautics; V. H. Bernardi, Office Director of Defense, Penta- 
gon; S. C. Zeller, North American. 

Fifth row: E. K. Kruger, Republic; GSE-1 Secretary, R. M. McClure, North 


American; S. DeStefano (behind McClure) and Col. J. 


W. Koletty, Army 


Transportation Supply and Maintenance; T. J. Wilson, Sr., Lear, Roth, Ft. 
Rucker; and GSE-1 Chairman, R. A. Taylor. 


man of Subcommittee IX — Tractor 
Shovels of the Construction and Indus- 
trial Machinery Technical Committee. 
He succeeds J. C. Laegeler, Frank G. 
Hough Co., who has just completed a 
two-year term. This group is cur- 
rently devising a new SAE Standard 
which has been designated, Specifica- 
tion Definitions — Industrial Tractor 
Front-End Shovel and Loader. 


ROBERT SERGESON, Jones and 
Laughlin Stainless Steel Division, has 
been appointed chairman of a new sub- 
committee of the ISTC Division 14 — 
Alloy Steels. The Subcommittee’s as- 
signment is to explore the develop- 
ment of an alloy steel grade cross-ref- 


erence table for possible inclusion in 
the SAE Handbook. 


GEORGE CHIEGER, Fruehauf Trailer 
Co., succeeds the late B. Frank Jones 
as chairman of the Kingpin, Lower 
Coupling and Drawbar Connections 
Joint Subcommittee of the Truck and 
Bus and Transportation and Mainte- 
nance Technical Committees. At pres- 
ent, the Subcommittee is developing a 
trailer couplings standard for possible 
use in double-bottom operation on 
Thruways. It is also determining if the 
existing Fifth Wheel Kingpin Standard 
is adequate to handle the increased 
loads being carried on today’s high- 
ways. 
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30 New AMSs Join SAE’s Family of 874 


HIRTY new documents have been 

added to SAE’s family of 874 Aero- 
nautical Material Specifications. Their 
issuance in January was tied to the 
revision of 41 existing AMSs, according 
to AMS Division Chairman N. E. 
Promise. 

A complete set of the new and re- 
vised AMSs is available in loose-leaf 
form to supplement those previously 
issued. Each set, along with a re- 
vised AMS Index, may be obtained 
from SAE Headquarters for $12. 


New Reports 


AMS 2248 — Chemical Check Analy- 
sis Limits, Wrought Heat and Corro- 
sion Resistant Steels 

AMS 2259 — Chemical Check Analy- 
sis Limits, Wrought Low Alloy and 
Carbon Steel 

AMS 2269 — Chemical Check Analy- 
sis Limits, Wrought Nickel and Nickel 
Base Alloys 

AMS 2301 — Aircraft Quality Steel 
Cleanliness, Magnetic Particle Inspec- 
tion Procedure 


AMS 2435 — Flame 
Tungsten Carbide 


AMS 2436 — Flame Deposition, Alu- 
minum Oxide 


AMS 3337 — Silicone Rubber, High 
and Extreme Low Temperature Re- 
sistant (65-75) 

AMS 3380 — Hose, Polytetrafiuoro- 
ethylene, TFE Fluorocarbon Resin, 
Wire Braid Reinforced 


AMS 3656 — Polytetrafluoroethylene 


Rods and Tubes, Extruded, TFE Fluor- 
ocarbon Resin, as Sintered 


AMS 3690 — Adhesive Compound, 
Epoxy, Room Temperature Curing 

AMS 3691 — Adhesive Compound, 
Epoxy, Medium Temperature Applica- 
tion 

AMS 3692 — Adhesive Compound, 
Epoxy, High Temperature Application 

AMS 4056 — Aluminum Alloy Sheet 
and Plate, 4.5Mg-0.65Mn-0.15Cr 
(5083-0) 

AMS 4057 — Aluminum Alloy Sheet, 
4.5Mg-0.65Mn-0.15Cr (5083-H32) 

AMS 4058 — Aluminum Alloy Sheet, 
4.5Mg-0.65Mn-0.15Cr (5083-H34) 


AMS 4059 — Aluminum Alloy Sheet 


Deposition, 
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and Plate, 4.5Mg-0.65Mn-0.15Cr (5083- 
H113) 


AMS 4115— Aluminum Alloy Bars, 
Rolled or Drawn, 1Mg-0.65Si-0.25Cu- 
0.25Cr (6061-0) 


AMS 4117—Aluminum Alloy Bars, 
Rolled, 1Mg-0.6Si-0.3Cu-0.25Cr (6061- 
T6) 


AMS 4160 — Aluminum Alloy Extru- 
sions, 1Mg-0.6Si-0.25Cu-0.25Cr (6061- 
0) 


AMS 4161 — Aluminum Alloy Extru- 
sions, 1Mg-0.6Si-0.25Cu-0.25Cr (6061- 
T4) 


AMS 4224— Aluminum Alloy Cast- 
ings, Sand, 4Cu-2Ni-2Mg-0.3Cr-0.3Mn- 
0.1Ti-0.1V, Stabilized 


AMS 4390 — Magnesium Alloy Sheet 
and Plate, 2Th-0.8Mn (HM21A-T8) 


AMS 4444 — Magnesium Alloy Cast- 
ings, Sand, 6Zn-1Zr (ZK61A-T5), 
Aged 


AMS 4453 — Magnesium Alloy Cast- 
ings, Investment, 9Al1-2Zn (AZ92A- 
T6), Solution and Precipitation 
Treated 


AMS 5509 — Alloy Sheet and Strip, 
Corrosion and Heat Resistant, 15Cr- 
45Ni-4W-4Mo-3Ti-1Al, Consumable 
Electrode Vacuum Melted 


AMS 5734 — Steel, 
Heat Resistant, 
2.1Ti-0.3V, Consumable 
Melted, Annealed (1650 F) 


AMS 5774 — Steel Wire, Corrosion 
and Moderate Heat Resistant, 16.5Cr- 
4.5Ni-2.9Mo-0.1N 


AMS 17267 — Rings, 
cone Rubber, Heat 
Compression Set (70-80) 


AMS 7278 —Rings, Sealing Syn- 
thetic Rubber, High Temperature Fluid 
Resistant, Fluorocarbon Type (70-80) 


AMS 7279 —Rings, Sealing Syn- 
thetic Rubber, High Temperature Fluid 
Resistant, Fluorocarbon Type (85-95) 


Corrosion and 
15Cr-26Ni-1.3Mo- 
Electrode 


Sealing, Sili- 
Resistant-Low 


Revised Documents 


AMS 2671B — Copper Furnace Braz- 
ing, Corrosion and Heat Resistant 
Steels and Alloys 


AMS 2810C — Identification, Natu- 
ral and Synthetic Rubber Materials 


AMS 3150C — Fluid, Hydraulic, Fire 
Resistant 


AMS 3274B — Synthetic Rubber 
Sheet, Nylon Fabric Reinforced, Aro- 
matic Fuel Resistant 


AMS 3302C — Silicone Rubber, Gen- 
eral Purpose (45-55) 


AMS 3303D — Silicone Rubber, Gen- 
eral Purpose (55-65) 


AMS 4125E— Aluminum Alloy 
Forgings, 1Si-0.6Mg-0.25Cr (6151-T6) 


AMS 4171A—Aluminum Alloy Ex- 
trusions, 4.3Zn-3.3Mg-0.6Cu-0.2Mn- 
0.17Cr (7079-T6) 


AMS 4766A — Brazing Alloy, Silver, 
85Ag-15Mn 


AMS 5643E — Steel, 
sistant, 17Cr-4Ni-4Cu 


AMS 5510G — Steel Sheet and Strip, 
Corrosion and Heat Resistant, 18Cr- 
10Ni-Ti (SAE 30321) 


AMS 5536C — Alloy Sheet Corrosion 
and Heat Resistant, Nickel Base, 22Cr- 
1.5Co-9Mo-0.6W-18.5Fe 


AMS 5645G — Steel, 
Heat Resistant, 18Cr-10Ni-Ti 
30321) 


AMS 5646E — Steel, Corrosion and 
Heat Resistant, 18Cr-11Ni-(Cb+Ta) 
(SAE 30347) 


AMS 5648C — Steel, Corrosion and 
Heat Resistant, 18Cr-13Ni-2.5Mo (SAE 
30316) 


AMS 5650A — Steel, 
Heat Resistant, 23Cr-13.5Ni 
30309S) 


AMS 5651D — Steel, Corrosion and 
Heat Resistant, 25Cr-20Ni (SAE 30310) 


AMS 5652B — Steel, 
Heat Resistant, 25Cr-20Ni-2Si 
30314) 


AMS 5660A — Alloy, Corrosion and 
Heat Resistant, Nickel Base, 12.5Cr- 
6Mo-2.6Ti-34Fe, Consumable Electrode 
or Vacuum Induction Melted 


Corrosion Re- 


Corrosion and 
(SAE 


Corrosion and 


(SAE 


Corrosion and 
(SAE 


AMS 5665D — Alloy, Corrosion and 


Heat Resistant, Nickel Base, 15.5Cr- 


8Fe 


AMS 5667F — Alloy, Corrosion and 
Heat Resistant, Nickel Base, 15.5Cr- 
7Fe-2.5Ti-1(Cb + Ta)-0.7Al 


AMS 5700B — Steel, Corrosion and 
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AMSs 


... continued 


Heat Resistant, 14Cr-14Ni-2.4W-0.4Mo 


AMS 5736B — Steel, Corrosion and 
Heat Resistant, 15Cr-26Ni-1.3Mo- 
2.1Ti-0.3V, Solution Treated 


AMS 5742A — Alloy, Corrosion and 
Heat Resistant, Iron Base, 20.5Cr-32Ni- 
1.1Ti 


AMS 5754A — Alloy, Corrosion and 
Heat Resistant, Nickel Base, 22Cr- 
1.5Co-9Mo-0.6W-18.5Fe 


AMS 5759A — Alloy, Corrosion and 
Heat Resistant, Cobalt Base, 20Cr- 
1ONi-15W 


AMS 5768C — Alloy, Corrosion and 
Heat Resistant, Iron Base, 20Cr-20Ni- 
20Co-3Mo-2W-1(Cb+ Ta), Solution 
and Precipitation Heat Treated 


AMS 6304A — Steel, Low Alloy Heat 
Resistant, 1Cr-0.55Mo-0.3V (0.40- 
0.50C) 


AMS 17210C —Cotter Pins, Steels, 
Corrosion Resistant, 18Cr-8Ni 


AMS 7211A—Cotter Pins, Steel, 
Corrosion and Heat Resistant, 18Cr- 
9.5Ni-Ti 


AMS 7452G—Bolts and _ Screws, 
Steel, Alloy, Heat Treated, Roll 
Threaded 


AMS 7454B—Bolts and _ Screws, 
Steel, Low Alloy Heat Resistant, Nor- 
malized and Tempered, Roll Threaded 


AMS 7455B—Bolts and _ Screws, 
Steel, Low Alloy Heat Resistant, Hard- 
ened and Tempered, Roll Threaded 


AMS 7456E — Studs, Steel, Alloy, 
Heat Treated, Roll Threaded 


AMS 7470D—Bolts and _ Screws, 
Steel, Corrosion Resistant, Heat 
Treated, Roll Threaded 


AMS 7472G —Bolts and _ Screws, 
Steel, Corrosion Resistant, Roll 
Threaded 


AMS 7476C —Bolts and _ Screws, 
Steel, Corrosion and Heat Resistant, 
Roll Threaded 

AMS 7478C —Bolts and _ Screws, 
Steel, Corrosion and Heat Resistant, 
Heat Treated — Roll Threaded, 1800 F 
Heat Treatment 

AMS 7479B—Bolts and Screws, 
Steel, Corrosion and Heat Resistant, 
Heat Treated — Roll Threaded, 1650 F 
Heat Treatment 


AMS 7488A — Rings, Flash Welded, 
Aluminum and Aluminum Alloys 


AMS 7490D — Rings, Flash Welded, 
Corrosion and Heat Resistant Austeni- 
tic Steels and Austenitic-Type Alloys 
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Through The 


CHEVROLET 
TRUCK ENGINE is 
discussed by Garth 
Sayers (right) of 
GMC Central Engi- 
neering, Chevrolet 
Division, at INDIANA 
SECTION’S March 
meeting. 


THE GAS TURBINE’S HIGH OUTPUT per lb of engine was pointed out by 
Jim Hoadley from Bradley University as the Bradley team debated with the Uni- 
versity of Illinois on the gas turbine as the future power plant for ground vehi- 
cles, at CENTRAL ILLINOIS SECTION March 21. Linn Peterson from the 
U. of I. rebutted by mentioning temperature limitations of the gas turbine. 

The Bradley team, which won by 11 points, was presented with a trophy by 
(left to right) K. J. Fleck, section student chairman and H. R. Moos, assistant 
student chairman. Team members included Jim Furlong, Dick Vernon, Jim 
Hoadley, Jack Carter, and John Goad. 
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Sections 


EDUCATION OF AUSTRALIAN EN- 
GINEERS is slanted toward a large 
amount of shop experience. Because 
of this and because of a shortage of 
parts the Australians are masters at 
improvisation when it comes to repair- 
ing machinery, John W. Page, who was 
chief engineer of Caterpillar Tractor 
Co.’s Melbourne Plant during its first 
few years of operation, told CENTRAL 
ILLINOIS SECTION March 21. 


GLASS TODAY includes some 600 
useable types made from 30 elements; 
whereas for about 5900 years prior to 
the latter part of the 19th century lime- 
glass, a product of five elements, was 
used —chiefly for ornamental pur- 
poses. 

Pyroceram, an opaque crystalline 
ceramic material used for nose cones of 
rocket missiles, is a glass type close to 
tool steel in hardness. Vycor, a 96% 
silica glass, is comparable with quartz 
in physical properties and performance. 
Its low coefficient of thermal expansion 
enables it to withstand an instantane- 
ous temperature change of over 900 C, 
George W. McLellan of Corning Glass 
Works told SOUTHERN NEW ENG- 
LAND SECTION March 2. 


DON’T use a standard bearing if you 
have to use a Rube Goldberg device to 
make it work — use a special bearing — 
Howard Yarbrough of Kaydon Engi- 
neering Corp. told WESTERN MICHI- 
GAN SECTION March 1. 


HAUL-PAK OFF HIGHWAY 
TRUCK, designed by LeTourneau- 
Westinghouse, has independent hy- 
drair suspension to cushion road 
shocks. A short wheelbase and power 
steering provide extreme maneuverabil- 
ity, while high capacity is obtained by 
using a deep body which gives a low 
center of gravity, Ralph Kress of Le- 
‘Tourneau-Westinghouse Co. told CEN- 
TRAL ILLINOIS SECTION at their 
February meeting. 


MAY, 1960 


BAKING 
OVEN PROC- 
ESS, part of 
the two-toning 
utilized by 
Ford is ob- 
served at 
METROPOLI- 
TAN SEC- 
TION’S tour 
of Ford Mah- 
wah February 
18 by (left to 
right) Harry 
V. Chioffe of 
Ford Division 
and Maurice 
B. Rice of 
Chrysler Divi- 
sion, Chrysler 
Corp. (co- 
chairman of 
the Ford Mah- 
wah tour.) 





SMALL CAR DESIGN thinking has as many sides as the number of manu- 
facturers supplying the market, concluded a panel of small car experts who dis- 
cussed engineering problems involved in designing the compact car at MID- 
MICHIGAN SECTION February 1. Augmenting the discussion was a display of 
new compact cars on the market. 


The Valiant 
(at left), one 
of the five cars 
displayed at 
the meeting, is 
inspected by 
some of the 
240 members 
present. 


The Ram- 
bler engine is 
discussed by 
(eft to right) 
Harold Sieg- 
green, of GMC 
Central 
Foundry Divi- 
sion, Paul Moss 
of Saginaw Di- 
vision, Eaton 
Mfg. Co. and 
Sven O. Wa- 
hamaki of 
American Mo- 
tors Corp. 





Ramblings + « « 


Through The Sections 


= FOR articles based on material 
= "drawn from Section papers in 
= this issue see: 

a; Gwe 

... from a CENTRAL ILLINOIS 

paper 

ee ais 

... from a SOUTHERN CALI- 

FORNIA paper 

Te ees 

. from a METROPOLITAN 
paper 
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SPECIAL RACING TIRES, used on 
the Thompson Challenger I, which set 
four new speed records at Bonneville 
Salt Flats last year, were smooth and 
made of nylon cord with only .025 inch 
of rubber tread. A tubeless tire design 
was used to eliminate the weight of 
inner tubes. 

The weight of the car was 4500 lb. 
Air force caused by the high speed in- 
creased this weight to approximately 
1000 additional lb air load. The car 
was driven by four counter rotating en- 
gines giving 1200 hp. 

Top speed of the Challenger I was 
367 mph, E. E. McMannis, chief racing 
tire design engineer at Goodyear Tire 
& Rubber Co. told SOUTH TEXAS 
GROUP February 29. 


OFFSHORE DRILLING RIGS, de- 
signed by R. G. LeTourneau, Inc., have 
power equivalent to a crane with a 
boom 3 miles long and can lift a load 
of one ton, Tom Emerson of LeTour- 
neau reported to BRITISH COLUMBIA 
SECTION. 


THE MOON’S SURFACE, except for 
major topographical deformations. is 
indicegted by radar studies to be rela- 
tively smooth. It is thought that on 
the average it has a two inch cover of 
dust, Dr. Robert Jastrow of Goddard 
Space Flight Center told KANSAS 
CITY SECTION February 25. 


ENGINEERS SHOULD NOT be awed 
by the analog computer, but should 
realize what it can do for them and, 
thereby, use it more as a tool in their 
daily encounter with engineering prob- 
lems, Howard Moss of Caterpillar Trac- 
tor Co. told CENTRAL ILLINOIS SEC- 
TION February 29. 
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RADIOISOTOPES, obtained by bom- 
barding various materials in a nuclear 
reactor, are being used increasingly as 
companies realize their value in solv- 
ing problems in research and develop- 
ment, W. P. Evans of Caterpillar Trac- 
tor Co. told CHICAGO SECTION, 
SOUTH BEND DIVISION March 21. 

Radioactive Carbon 14, for example, 
has proved very useful in determining 
the diffusion of carbon in case-hard- 
ening processes. Prosphorus 32 can be 
diffused into metal, making it possible 
to determine the wear of a surface in 
considerable detail, instead of the more 
conventional method of measuring the 
amount of radioactive debris in the 
crankcase, which provides only an 
overall measurement of wear. 


ASPHALTIC CONCRETE —an en- 
tirely different material from the old 
type of black surface that became slip- 
pery when wet—provides the best 
skid-resistance of possible highway 
surfaces, according to John C. Mackie, 
state highway commissioner, who spoke 
at MID-MICHIGAN SECTION March 
14. Concrete, however, provides a close 
second, and both are being used in 
Michigan’s vast highway expansion 
program. 


ROCKETS IN THE 13TH CENTURY 
were used by the Chinese to fight the 
Mongols. Simple rockets, propelled by 
gunpowder, they proved very effective 
psychologically, terrifying the Mongol 
horses in the field, Ellis Levin of Boeing 
Airplane Co. told SALT LAKE CITY 
GROUP February 29. 


SUEVUDEORNNAONGOOODNONANA AONE 


SAE Section 
Meeting 


SPOKANE-INTERMOUNTAIN 


June 18... “Ladies Night.” Mem- = 
bers, wives and guests welcome. = 
Flamingo Cafe and Safari, N. 5005 = 
Division, Spokane, Wash. Social = 
Hour 6:30 p.m. Dinner 7:30 p.m. = 
$7.00 per couple. : 


JU eee 


SUUUEUE EVADE REEROGUE TURD AEROE REEDED UE EEDOE DETECT 


SAE 


National 


Meetings 


@ June 5—10 
Summer Meeting, Edgewater Beach 
Hotel, Chicago, Ill. 


@ August 16-19 
National West Coast Meeting, Jack 
Tar Hotel, San Francisco, Calif. 


e@ September 12-15 
National Farm, Construction and In- 
dustrial Machinery Meeting (includ- 
ing production forum and engineer- 
ing display), Milwaukee Auditorium, 
Milwaukee, Wis. 


@ October 10-14 
National Aeronautic Meeting (in- 
cluding manufacturing forum and en- 
gineering display), The Ambassador, 
Los Angeles, Calif. 


@ October 25-27 

National Transportation Meeting, 
Hotel Leamington, Minneapolis, 
Minn. 


@ October 31—November 2 
National Powerplant Meeting, Hotel 
Cleveland, Cleveland, Ohio. 


@ November 3—4 
National Fuels and Lubricants Meet- 
ing, The Mayo, Tulsa, Okla. 
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— continued from p. 11] — 


WILLIAM M. HOLADAY, chairman 
of Civilian-Military Liaison Commit- 
tee to the National Aeronautics and 
Space Agency and Department of De- 
fense, spoke May 6 at the Seventh An- 
nual Conference for Engineers and 
Architects at Ohio State University on 
“The Engineer in the Missile and Space 
Age.”’ 

A. E. KIMBERLY, of Chrysler Corp.’s 
Engineering Division, chairman of the 
Committee of 100 for Engineering at 
Ohio State, also spoke at the Annual 
Conference for Engineers and Archi- 
tects at Ohio State. 


KENNETH G. SCANTLING has been 
appointed superintendent, transporta- 
tion section at Duquesne Light Co. 
Scantling has served Duquesne since 
1940, when he was employed as junior 
engineer. Since then he has been au- 
tomotive engineer and maintenance 
supervisor. 


ROBERT B. BUTLER has joined 
Oscar E. Eggen & Associates as sales 
engineer. Previously he was employed 
by Sargent Engineering Corp. as indus- 
trial sales manager. 


ELMER ANDERSON, formerly serv- 
ice manager, Service Engineering De- 
partment of Timken Roller Bearing 
Co., has been named service manager, 
domestic and international. 


EARL N. PEARSON has been ap- 
pointed sales representative for the 
Detroit area for Motor Wheel Corp.’s 
Automotive Division. Previously he 
was assistant sales manager for 
Thompson Products, Inc. 


JOSEPH G. MACEYKA has become 
assistant plant manager for Wiede- 
mann Machine Co. Previously he was 
chief engineer for H & M Tool & Ma- 
chine Co., Inc. 


Scantling Butler 


Anderson Pearson 
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DAVID K. WIRTH has been named 
manager of Detroit Yale industrial lift 
truck and tractor shovel Sales and Serv- 
ice Branch of Yale & Towne Mfg. Co. 

Wirth has been associated with Yale 
Detroit Branch since its founding in 
1955. The majority of his time has 
been spent in the development of the 
national automotive accounts program. 
Prior to joining Yale he was president 
of Michigan Materials Handling Corp. 


RAHLAND C. ZINN, vice-president, 
Lockheed Aircraft Service, Inc., re- 
ceived the Gold Knight Management 
Award of Greater New York Area 
Council of the National Management 
Association March 19 at the Associa- 
tion’s 14th annual management con- 
ference. NMA criteria for the award 
includes leadership in good manage- 
ment practices in business and civic 
affairs. 


RICHARD C. KERR has become 
chief scientist for Transportation Corp., 
U. S. Army. Kerr was employed by 
Standard Oil Co. of Calif. from 1925 
to 1957. Since 1957 he has been a con- 
sultant on logistical and transportation 
problems to U. S. Army and to oil and 
mining industries. 


LOUIS PETER COSGROVE has be- 
come senior engineer for support sys- 
tems at Lockheed Aircraft Corp.’s Mis- 
siles & Space Division. Previously he 
served Goodyear Aircraft Corp. as lead 
engineer for missile support systems. 


ERVAN EDWARD SIEGRIST, pre- 
viously an administrator in the central 
engineering department, is now admin- 
istrative assistant for research and de- 
velopment at Rockwell-Standard Corp. 


FRANK A. SHARPE, retired director 
of sales for Universal Friction Materials 
Co., continues to be an active engi- 
neer, retaining his contact with trade 
sales and engineering personnel. An 
original member of the Old Timers 
Club, he has been invited to join his 
old company in a consulting capacity. 


Obituaries 


ALAN S. DUFF ... (M’59) .. . direc- 
tor and sales manager for Hafner Fab- 
rics of Canada, Ltd... . died March 1 
... born 1904. 


ALLEN C. KAISER... (M’52)... 
chief test engineer for gas turbines, 
Utica Division, Curtiss-Wright Corp. 
... died February 28 .. . born 1922. 


NOEL H. MILLER ... (M’27) 
western sales manager, Automotive Di- 
vision, Modine Mfg. Co... . died March 
15... born 1904. 


OWEN D. PREMO ... (M’55)... 
machine & tool engineer at S & D En- 
gineering Co... . died November 12... 
born 1903. 


finest engines 
in the 
2 to 5 hp. class 


Specify a power plant that matches 
the quality you’ve built into your 
portable equipment. West Bend’s air- 
cooled, 2-cycle engines are carefully 
engineered and thoroughly tested to 
provide top performance and cus- 
tomer satisfaction. A wide range of 
factory tested optional equipment 
lets you tailor the engine to your 
exact needs. 


Aluminum 
cylinder and 
crankcase 
are a single 

i die-casting. 


Chrome or cast 
iron cylinder 
bore is cast-in. 


UNIT CYLINDER-CRANKCASE 


SPECIFICATIONS 


TYPE Horizontal or vertical mounting; 
air-cooled; 2-cycle, clockwise or counter- 
clockwise rotation (at drive end). 
MODELS 

SERIES 390 Displacement 3.9 cu. in. 
Rated horsepower 1.6 at 4000 rpm. 
SERIES 580 Displacement 5.8 cu. in. 
Rated horsepower 4.0 at 4500 rpm. 
SERIES 700 Displacement 7.0 cu. in. 
Rated horsepower 5.0 at 4500 rpm. 
IGNITION Wico flywheel type magneto. 
FUEL SYSTEM Float feed carburetor is 
standard; diaphragm type carburetor 
with integral fuel pump is optional. 


VALVES Reed type; corrosion resistant. 
FOR MORE INFORMATION 
Write for colorful illustrated catalog 
on West Bend’s complete line of Power 
Bee engines. Ask about the test en- 
gine program. 
WEST BEND ALUMINUM CO. 
Dept. 1415, Hartford, Wisconsin 
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TOUGHEST RIMS...” 


STRESS-TESTED FIRESTONE RIMS REDUCE TIRE DOWNTIME FOR MORE UNINTERRUPTED HOURS OF SERVICE 


Here’s the strongest earthmover rim in the world—the Firestone Perma-Tite! Designed for uniform strength distribution, it has no 
high stress points to cause failures. Firestone’s Perma-Tite design delivers new full-tire support, reduces sidewall flexing, runs 
cooler for longest tire wear. It insures a permanent air seal. Fusion welding in Firestone’s exclusive balanced weld design provides 
equal penetration for maximum strength. Specially protected against corrosion, they’re interchangeable with all earthmover rims 
and parts. For any information or aid in adapting Firestone Perma-Tite earthmover rims to present or new equipment, write, wire 
or call Firestone Techni-Service, Department 5-4, Firestone Steel Products Co., Akron 1, Ohio. 


STEEL PRODUCTS COMPANY 
AKRON |, OHIO / INTEGRITY, QUALITY, ACCURACY, DEPENDABILITY 
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PRODUCT OF 


© SCOTSEAL* 


A new concept in oll seal design! 


integral sealing surface prevents major causes of leakage 


It is now generally recognized that major causes of leakage among 
shaft type oil seals are: improper handling before assembly, damage by 
the assembler or shaft during installation, and improper shaft finish. 
Experts say surface finish of from 5 to 15 microinches is most desirable 
—but this is often prohibitively expensive. 

The C/R SCOTSEAL precludes any possibility of damage by handling, 
installation, or shaft finish because the sealing lip does not touch the 
shaft! C{R’s development of SCOTSEAL’s integral, self-contained 
sealing surfaces assures you of reliable performance unsurpassed by 
the finest machined shaft surfaces. 


HIGH PERFORMANCE OPERATION 
Field tests have shown that this new C/R SCOTSEAL: 
e SEALS WITH GREATER EFFICIENCY 
e RUNS COOLER WITH LESS FRICTION 
e DELIVERS GREATLY INCREASED SERVICE LIFE 
e ELIMINATES SHAFT SCORING 
e PREVENTS SEAL LIP DAMAGE AT ASSEMBLY 
e REDUCES ASSEMBLY AND REPLACEMENT COSTS 


UNIQUE DESIGN The C/R SCOTSEAL is designed and constructed 
to seal within itself. In effect it is a self-contained oil sealing cartridge. 
This sealing cartridge consists of two parts which have relative motion 
to each other. In the illustration above, the outer Unit (A) is an 
encasing member. A portion of the inner surface of this shell serves as 
the surface against which the sealing member runs. The inner unit (B) 
is the metal reinforced, bonded synthetic rubber sealing member. In 
the external design, illustrated, the sealing member pushfits over the 
shaft and becomes a part of it—actually moving with it—and the metal 
case or shell pressfits into the housing bore. On internal designs, the 
sealing surface pushfits on the shaft and the sealing member is contained 
in the shell which pressfits in the bore. 


PRE-LUBRICATED Since the sealing element is enclosed, prelubri- 
cant applied during fabrication stays in place and lubrication is supplied 
to the sealing lip through centrifugal action, giving extra protection 
particularly during starved conditions. Where the seal will be exposed 
to considerable dirt and water, a dirt lip is provided. Also, drain holes 
can be provided in the shell adjacent to the dirt lip. Centrifugal force 
will then sling dirt and water out . . . keeping the C/R SCOTSEAL as 
free as possible from abrasive elements. 


ECONOMICAL Significant savings or cost reductions can be realized 
with the C/R SCOTSEAL. Where normal lip-type seals ideally require 
a shaft surface finish of 5 to 15 microinches and minimum hardness of 
Rockwell C30, no special finish or hardness is required for the SCOT- 
SEAL. Shafts need not be specially hardened, ground and polished over 
the area where the seal contacts the shaft. Nor are wear sleeves shrink- 
fitted on the shaft required. All of these operations are eliminated 
when the C/R SCOTSEAL is used. The savings in machining costs 
alone will more than offset the slightly higher first cost of the seal. 
And there is no possibility of lip damage in installation. Additional 
dependability and quality will accrue to your assembly in the minds of 
the end-user. There will be no scored shafts to remove and refinish. 
Replacement of the SCOTSEAL, if necessary, is a quick, simple 
procedure. Thus, equipment downtime and maintenance costs will be 
reduced. 


APPLICATION The C/R SCOTSEAL is currently providing in- 

creased sealing efficiency and extended service life on truck, bus and 

trailer axles. Its advantages indicate application wherever a high 

production run is involved; where oil retention is difficult; and where 

equipment downtime and replacement costs are critical. In broad terms, 

the SCOTSEAL may be used wherever an oil-tight press is possible. 
(SEE ILLUSTRATIONS ON OTHER SIDE) 


* Seif Contained Omnipurpose Type SEAL. Trade Mark 





c Shaft Type Scotseals... 


The versatility of the basic C/R SCOTSEAL concept is illustrated 
below. Note the many different configurations, as well as material 
combinations, that can be developed, all embodying the self-con- 
tained principle, but fitting ideally the requirements of various 
applications. 


TYPICAL INSTALLATIONS...SEALING BEARINGS 
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External Internal 


LEGEND: (a) Sirvene Gasket (b) Dirt Lip (c) Sealing Lip (d) Expanding Spring (e) Contracting Spring (f) Drain Hole 
(g) Chapiets—keep sealing element spaced axially within its shell to insure proper installation. 
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Export Sales: Borg-Warner International 
36 So. Wabash, Chicago 3, Illinois 


MECHANICS UNIVERSAL JOINT DIVISION 


Borg-Warner . 2022 Harrison Ave., Rockford, III. 
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120-Kva 


Constant-Speed Drive 
Has Fabricated Housing 


f 


P. C. MOSHER and 
L. B. HALLBERG 


CARBURIZING 
SINTERING 


ABRICATED HOUSING — made by 

brazing or welding precision cast- 
ings, forged flanges, and a rolled shell 
—is a feature of the Sundstrand 120- 
kva hydromechanical constant-speed 
drive. All components are stainless 
steel 

This technique saves space, increases 
strength, and reduces differential ex- 
pansion compared with aluminum or 
magnesium castings. ... And it has 
these additional advantages: 


GQUipmen 


CARBON-RESTORATION 


BRAZING 
« 
HARDENING 


e Materials used permit operation at 
temperatures of 1000 F or more. 

e Assemblies can be made from two 
or more different materials, if desired. 

e Design changes can be made by re- 
moving sections and welding or brazing 
new ones in their place. 

e Salvage or repair of defective hous- 
ings can be accomplished. 

e Thin sections that can’t be cast can 
be welded to thicker sections. 

e Good corrosion-resistant properties 
are attainable. 


E, 
FOR ANY OF THESE PROCESSES: 


CARBO-NITRIDING 
e 
NORMALLIZING 


ANNEALING 
FORGING 


Package Requirements 


The constant-speed transmission had 
to fit into a space essentially 12 « 12 « 
12 in. Transmission should mount on 
an AND 20006 Type XVIC 10-in. bolt 
circle, and pad on the waist gearbox of 
a P&W JT3D turbofan engine. A suit- 
able quick-attach-detach coupling is to 
be used for mounting the generator to 
the transmission. Transmission has to 
support entire overhung moment of the 
155-lb generator. 


e DIRECT FIRED OR ATMOSPHERE CONTROLLED 


Problems to Be Solved 


Fabricated housing solved the follow- 
ing problems... 

Magnesium or aluminum housings 
are generally used for the temperature 
range of -65 F to+300 F. But for this 
application, a light metal casting would 
have to be large and bulky to support 
the required overhung moment of more 
than 3000 lb-in. statically. The pack- 
age limitation wouldn’t permit the 
bulky housing. 

Secondly, heavier loads of the pump 
wobbler would not allow use of alumi- 
num or magnesium without additional 
support or extremely heavy sections. 

Third consideration was the differ- 
ential expansion between the steel 
bearing races and the housing. Motor 
wobbler outer ball bearing race — 9 in. 
in diameter — would expand approxi- 


e ELECTRIC 


e OIL 
Shaker Hearth @ Roller Type © Walking Beam 
HOLCROFT 
COMPANY 


Aluminum e Brass @ Castiron @ Copper 
Malleable @ Stainless @ Steel 


OF ANY OF THESE TYPES 
Batch @ Conveyor @ Rotary @ Car Type 


WORKING WITH THESE MATERIALS: 


GAS 
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STROMBERG CARBURETOR 
MILES-PER-GALLON 
MAKE FRIENDS 
OUT OF CUSTOMERS 


“It’s true! The solid performance, **Want to know why? Because Strom- 

‘ 
fuel economy and dependability of berg carburetors are designed and 
STROMBERG * carburetors will do a lot engineered by Bendix—one of the all-time 


in winning friends and influencing cus- leaders in supplying automotive and air- 


tomers who look to you for carefree craft fuel systems. By specifying Stromberg 


motoring.”’ we can make friends out of customers.’’ 


*REG. U.S. PAT. OFF. 


Bendix-Elmira 


ECLIPSE MACHINE DIVISION 
ELMIRA, NEW YORK 





THEW LORAIN MOTO-CRAN 


HENDRICKSON TRUCK CRANE 


SEAGRAVE FIRE TRUCK 


Whatever the job... 


New G-21 Series 
Valves 


cut costs on 


FWD LINE TRUCK 


OW 


POWER STEERING! 


KENWORTH TOWING TRACTOR WHITE FREIGHTLINER 


HEAVY DUTY VEHICLES 

HIGH SPEED TRUCKS 
OFF-HIGHWAY TRUCKS 

TRUCK CRANE CHASSIS 
MATERIALS HANDLING EQUIPMENT 
INDUSTRIAL LOADERS ~»* ETC. 


Garrison now offers a new line of low cost, hydraulic 
power steering valves and cylinders! The G-21 Series 
cuts power steering costs because you don’t pay for 
something you don’t need ...no waste in over-design, 
excessive materials, unnecessary labor. G-21 Valves 
now complement existing Garrison designs and permit 
proper selection of the most economical valve for any 
job, based upon vehicle usage, engine horsepower, 
axle loading and steering design linkage. Here’s cus- 
tom-designed performance with standard valves at 
important savings to you! 

Garrison, originators of the “divided linkage” system 
of power steering, incorporates patented hydraulic Whatever your VARY 
reaction in all valve designs resulting in proportionate steering application... iy UP 
“feel” greater stability, excellent recovery and smooth, Get POWER mai 
reliable performance. Furnished as standard equip- 24 ee : <s 
ment on many types of wheeled vehicles by major with GARRISON! 
manufacturers, also available in kits for adaptation to 
existing equipment. 4609 East Sheila Street, Los Angeles 22, California 


WHITE 5000 KW DART TANKER 
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mately 0.020 in. less than a magnesium 
housing over temperature range of ~ 65 
F to +275 F. A heavier bearing race 
securely fastened to the housing would 
tend to reduce the housing expansion, 
but would result in an increased run- 
ning clearance of the bearing. 


Techniques and Materials 


Housing design makes the various 
pieces to be joined self-fixturing during 
the brazing process — producing better 
dimensionally controlled structures 
than could be produced by fixtures. 

Fixturing is required for tack weld- 
ing. But after tack welding, the hous- 
ing is removed from the fixture to per- 
mit completion of the welding process. 
This method results in a cleaner weld 
and minimizes distortion of the fixture 
due to repeated heating and cooling. 

Furnace brazing is used instead of 
torch brazing to minimize distortion 
and warpage throughout the structure. 
Brazing filler materials were evaluated 
and AMS 4777 filler metal was selected. 

All components are made of AISI 347 
(SAE 30347) stainless steel. 

Precision castings are used for com- 
plex items such as control cylinder, 
filter, basic governor, limit governor, 
and pressure switch housings. Com- 
plexity of these items make their man- 
ufacture from bar stock impossible. 
Furthermore, precision castings aid in 
keeping weight to minimum because 
0.062-in. walls are cast successfully. 

One flange is sand cast because its 
large diameter isn’t within present pre- 
cision casting capabilities. Three 
flanges are forged, premachined, and 
welded to a cylindrical rolled shell. 

Required oil passages between com- 
ponents consist of stainless steel tub- 
ing brazed in place. 


To Order Paper No. 128F .. . 


on which this article is based, see p. 6. 


Plastics Improved 


With Nuclear Radiation 


JOHN J. GREBE and 
DAVID E. HARMER 


HEAPER and stronger plastic ma- 
terials may be produced through 
the action of nuclear radiation on 
suitable monomers and _ polymers. 
Through such processes, the desirable 
characteristics of one plastic material 
may be added to another by producing 
a chemical graft of one material to the 
other. 
Dyeability, printability, and surface 
characteristics of polymers may be 
modified so that new combinations of 
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plastic covering materials should soon 
be commercially available. By way of 
example, highly fluorinated polymer 
films (Teflon or Kel-F) are well known 
for their unusual physical properties, 
such as solvent and heat resistance. 
At the same time, this very inertness 
creates problems when it is desired to 
dye the material or print patterns on it. 

If the material is, however, placed in 
a suitable liquid monomer and radia- 
tion is introduced, a chemical reaction 
occurs at the surface which forms a 
“graft” of new polymer across the en- 
tire surface. If the monomer (from 
which the new polymer is formed) is 


chosen correctly, dyeing or printing of 
the surface is now easily accomplished. 

It should be noted that the layer of 
new polymer which has been formed 
on the surface is not a mere physical 
coating; it is a chemically bonded part 
of the original film that cannot be 
removed short of actual destruction of 
the film. Thus, the desired physical 
properties of the original film are 
maintained while to them has been 
added additional useful properties of 
the second polymer. 


To Order Paper No. 123A... 


on which thisarticle is based, see p. 6. 


A. H. SEEBOLD REPORTS... 


“INCREASE DELIVERY RATE 20% 


WITH CENTURY LP-GAS CARBURETION’”’ 


BLAW-KNOX M55 
SIX YARD MIXER 


A. H. SEEBOLD, PRESIDENT—A. H. SEEBOLD 


TRUCK SERVICE & EXCAVATING COMPANY 
GRANITE CITY, ILLINOIS REPORTS... 


“since May of 1959, we have purchased four Blaw-Knox M55 six-yard mixers 


with Century LP-Gas Carburetion installations as factory equipment. 


Every phase of our operation has improved. The tremendous difference in 


maintenance requirements is summed up by the fact that each month our four 


LP-gas mixers have consistently delivered 20% 


more cubic yards of concrete 


than comparable gasoline operated vehicles. This is due to the fact that our 


LP-gas vehicles are not tied up in the maintenance garage. Plugs last longer, 


less frequent oil changes, no major breakdowns and our drivers report extremely 


smooth operation especially on the mixer engines. 


We have a complete conversion and original equipment purchase plan that will 


eventually make us a complete Century LP-Gas operation.” 


SEND FOR THE CENTURY “FACT PAC” GIVES 
MORE DETAILS... OTHER CASE HISTORIES. 
Insist on complete Century LP-Gas carburetion systems 
for top performance. 


Export Soles: Sin Par Automotive Div 


ATT ge a ee) 
15 Moore St., New York 14, N.Y 


CENTURY GAS EQUIPMENT 
Pataca ee 
Borg-Warner Corporation 

ol raet Me ald 





LIPE Clutches Cut 
Truck Operating Costs 


say increasing numbers of big users... 


It’s what the clutch does on the road 
that sells the experienced truck user. 
His only measuring stick is overall 
costs. In important and increasing 
numbers, that measure is causing him 
to buy Lipe Heavy-Duty DPB’s... 


both on new trucks and as replace- 


For more ton-miles and more engagements 


between shop-stops, equip with Lipe 


ments of original equipment. 

Don’t risk the owner loyalty of this 
big and growing body of users. Sell 
them what they want... LIPE... 


either as standard or optional equip- 


ment. Let the men who pay the bills 


prove to you that... 


the trend is to LIPE. 


Heavy-Duty DPB Clutches. Single and two-plate 


types; 12”, 13”, 14" and 15” sizes: 


torque capacities from 300 to 1900 ft.-lbs. MM 


cormPOR ATION 
SYRACUSE 1, WY 
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F. E. MARSH. Paper No. 141A. Sum- 
mary of techniques as formulated and 
used by Boeing Airplane Co., Aero- 
Space Div., in manufacture of missiles; 
set-up of organization for reliability 
control; example of application of reli- 
ability controls through typical prod- 
uct life; customer requirements; layout 
and detail design; reliability assurance 
controls. 


FAA Certification of Turbine Trans- 
ports, HAROLD HOEKSTRA. Paper 
No. 8230. Discusses the work of the 
Federal Aviation Agency in certifica- 
tion of turbine transports. Covers the 
certification process, some of the prob- 
lems encountered, the results obtained 
in service, and an estimate of future 
transport trends. Lists turbine trans- 
ports approved to date, and turbine 
transports for which applications for 
certification are pending. 

Aeroflot — Soviet Civil Aviation, 
S. D. BROWNE. Paper No. 8235. Dis- 
cusses organization, missions, and 
equipment of Aeroflot, the official So- 
viet airline, and its predecessors. Aero- 
flot’s missions cover: air transpor- 
tation; air services for agriculture, 
forestry, and other branches of the na- 
tional economy; geodesic and carto- 
graphic services; scientific investiga- 
tion; medical services; and cultural, 
educational, and sports. Contains table 
comparing Soviet turbojets and turbo- 
props with Western powerplants, a map 
showing Aeroflot air routes, and many 
illustrations of Russian planes. 


GROUND VEHICLE 


Correcting Horsepower Output — 
Realistic Method for Diesel Engines, 
A. K. BLACKWOOD, W. J. McCULLA. 
Paper No. 121A. Paper refers to prog- 
ress report of SAE Test Code Commit- 
tee presented at meeting June 1958, 
indexed in Engineering Index 1958, p. 
292; concepts of correcting power out- 
put of diesel engines for variations in 
ambient test conditions are clarified 
and correction method, modes of appli- 
cation, and limitations are described; 
actual engine test data are given to 
support its adoption. 


Universal Means for Rating Diesel 
Engines for Deposits and Wear, F. A. 
ROBBINS, L. G. SCHNEIDER, G. H. 
SHEA. Paper No. 121B. Paper intro- 
duces “CRC Diesel Engine Rating Man- 
ual,” prepared by Group on Full Scale 
Test Techniques of Diesel Vehicle Fuel, 
Lubricant, and Equipment Research 
Committee of Coordinating Research 
Council; manual, intended to furnish 


SAE JOURNAL, MAY, 1960 


universal language for identification 
of engine deposits and wear, is divided 
into general considerations and de- 
tailed rating techniques; use of man- 
ual. 


New 4 Ton Military Utility Tactical 
Truck, A. A. PARQUETTE, R. E. 
KRAEMER. Paper No. 125A. Devel- 
opment of M151 vehicle by Ford Motor 
Co.; basic design objectives and load 
assumptions; vehicle will carry driver 
and three passengers, or 800 lb of cargo 
cross country, or 1200 lb on highway 
and operates under all weather con- 
ditions; body and frame are of integral, 
all steel, spot welded construction; ve- 
hicle has 4-cyl, in-line, liquid cooled 
gasoline engine; description of each 
component, methods used in design 
analysis, and tests to which compo- 
nents were subjected. 


Radioactive Cylinders— Tool for 
Wear Research, W. C. ARNOLD, V. T. 
STONEHOCKER, W. J. BRAUN, D. N. 
SUNDERMAN. Paper No. 126A. Pro- 
gram undertaken by Fairbanks, Morse 
and Co., Beloit, Wis., in conjunction 
with Batelle Memorial Inst., Columbus, 
Ohio to study feasibility of irradiating 
diesel cylinder; development of irradi- 
ation techniques and _ procedures 
devised; mechanical, handling and in- 
stallation techniques; radioassay tech- 
niques which permitted precise analy- 
sis of fractions of wear product debris 
collected from lubricating oil and ex- 
haust gas systems. 


Fuel and Ignition Systems of Free- 
Piston Refrigerant Compressor, J. H. 
McNINCH, D. G. MARK, R. J. Mc- 
CRORY. Paper No. 126B. Paper de- 
scribes upper, or engine, end of 
free-piston compressor, developed at 
Batelle Memorial Inst. for use in resi- 
dential air conditioning system; severe 
design requirements imposed on fuel- 
injection and ignition systems; prin- 
ciple and sequence of operation of di- 
rect gas injection system; details of 
specially developed proximity ignition 
system, in which spark timing is deter- 
mined by piston position. 


Numerical Control in Body Engineer- 
ing — Fact and Fantasy, J. C. GOR- 
HAM, J. R. BALLINGER. Paper No. 
129A. Review of manufacturing con- 
cept developed known as Numerical 
Control; development of electronic con- 
trol units and techniques of data proc- 
essing: four elements of numerical con- 
trol are data processing, electronic 
control unit, serve loop system, and 
machine tool; interrelationships which 
must be considered. 


Simplified and More Versatile Fuel 
Injection Pump to Meet New Appli- 
cations, E. J. WILLSON, V. D. ROOSA, 
T. HESS. Paper No. 130A. Problems 
encountered in developing Roosa Mas- 
ter Model “DB” pump, devised by 
Hartford Machine Screw Co., Hart- 
ford, Conn., to meet demands of diesel 


(continued on p. 130) 


PRECISION | 
CONTROLS 


For industrial, 
automotive, 
aircraft and missile 
applications 


Kohler quality is based on experi- 
enced engineering, skilled work- 
manship, complete facilities in 
one plant under unified supervi- 
sion. Ultra-sonic cleaning facili- 
ties available. Hydraulic system 
components are assembled, tested 
and packaged in dust controlled 
area for minimum contamination. 


KOHLER CO. Established 1873 KOHLER, WIS. 


Send for catalog with complete data on: 


CHECK VALVES JET ENGINE PARTS 
Cone Type 
Soft Seat Type 


Swing Type 


AIR VALVES 


NEEDLE VALVES 


PRESSURE RELIEF 
VALVES 


RESTRICTOR VALVES PLUG VALVES 


KOHLER or KOHLER 


Enameled tron and Vitreous China Plumbing 
Fixtures « All-brass Fittings « Electric Plants 
« Air-cooled Engines « Precision Controls 


ENGINE PRIMERS 





HOUDAILLE DAMPERS 
smooth out 


STICK CONTROL 


@: Houdaille 
ndustries, Inc. 


Buffalo Hydraulics Division 
544 E. Delavan Ave., Buffalo 11, N.Y. 


Specialists in hydraulic damping 
and vibration contro/ 


Miniature controls dampers serve 
three vital purposes in a super- 
sonic jet fighter. First, they 
prevent undesirable transient 
feedback to the control stick. 
Second, they prevent the pilot 
from over controlling during 
high-speed maneuvers. Third, 


they help reduce pilot fatigue. 


Houdaille hydraulic dampers are 
light, compact and extremely 
reliable. With them, pilots enjoy 
more positive control and greater 
safety because controls system 


feedback is eliminated. 


If you have controls vibration 
problems of any kind, Houdaille 


can prov ide the practical solution. 


Three types of 
Houdaille hydrau- 
lic dampers are 
shown here. At the 
right: Rotory Vis- 
cous Damper for 
the Northrop N- 
156. Below: Rotary 
VaneType Damper 
for the Northrop 
T-38; and a new 
Rotary Type 
Damper. 


Send this coupon for engineering bulletins 


giving pe rformance curves and other data. 


Name 
{ddre SS 


City Zone 


Briefs of 


SAE PAPERS 
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engine field; main design objectives 
were standardization and single hous- 
ing configuration that could be 
mounted either horizontally or verti- 
cally; basic design features: inlet 
metering, transfer pump regulation 
means, governor operation, and self 
lubrication; other features. 


Seal Testing to Establish Quality 
Control Specifications Can Reduce 
‘Leakers’, R. L. DEGA, J. D. SYMONS. 
Paper No. 130B. Program undertaken 
by General Motors Research Labora- 
tories to Investigate causes for seal 
leakage and to determine basic design 
criteria; major parameters of seal ap- 
plication which affect its efficiency 
and life as determined by controlled 
laboratory testing are shaft, surface 
roughness, machining lead, assembly, 
and seal; most important parameters 
are seal diameter control, lip pressure, 
and eccentricity; tests and air gage 
developed called ‘“Sealector”. 


Horsepower Rating for Commercial 
Vehicle Brakes, J. H. KING, A. F. 
STAMM. Paper No. 131A. Pt A out- 
lines objectives of AMA-TTMA Com- 
mittee’s efforts to rate hp absorption 
capacity of commercial vehicle brakes, 
and progress made to date. Pt B ana- 
lyzes energy relations involved in stop- 
ping of vehicle as compared to holding 
steady speed down given grade with 
due regard to transient and steady 
state braking conditions; functions in- 
volved are expressed in equations. 


Transistor Switched Ignition Sys- 
tems, G. E. SPAULDING, Jr. Paper 
No. 132A. Limitations of present sys- 
tems as to ability to fire fouled spark 
plugs and developed sufficient voltage 
for higher compression ratio, higher 
speed engines; approach taken by 
Electric Autolite Co., Toledo, Ohio, in 
employing power transistors to switch 
increased currents imposed by in- 
creased ignition demands; use of “slow 
coil” to adapt germanium transistor to 
h-v ignition system; transistorized 
ignition circuit; immediate and ex- 
pected applications. 


Basic Principles of Ground Cushion 
Devices, G. D. BOEHLER. Paper No. 
133A. Analysis of operation of ground- 
effect machines (GEM); defined as de- 
vices which operate in close proximity 
to earth’s surface separated by cush- 
ion or layer of air; propulsion and 
control must be of aerodynamic na- 
ture; main categories of GEM’”s es- 
tablished are ram wing, peripheral 


(continued on p. 132) 
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1 PRBEI ED. 


FUEL GAUGE PROBLEM? SEE AC! 


AC has been a foremost producer of fuel 
gauge systems since the day the fuel gauge 
on the dash replaced the yardstick under 
the seat. And AC has constantly pioneered 
the development of ever-more-accurate fuel 
level indicators. 


The latest AC design is a two-wire gauge 
which provides pointer torque six times 
greater than a conventional high strength 
gauge through use of two wires and two 
coils, plus an improved magnetic circuit 
and a superior new electric circuit. The 
circuits employ features which substan- 
tially reduce temperature and voltage fluc- 
tuations. The pointer mechanism rides on 
nylon bearings for smooth actuation and 
precise movement. 


AC's new, super-accura 
two-wire fuel or ¢ 


The AC two-wire gauge provides a superior 
fuel indication method for automobiles, 
trucks, buses, light aircraft and marine—any 
liquid storage application where accurate 
knowledge of quantity is vital. It also may be 
employed in other uses—as an indicator of 
flap position on aircraft or of rudder position 
on ships, yachts and boats. This new AC 
gauge cc a trifle more than the conven- 
tional indicator, but its precision accuracy 
makes its small extra cost well worth while. 


If you would like to know more about the 
AC two-wire gauge for original equipment 
use, or have any kind of fuel indicating or 
position indicating problem, a letter, wire 
or phone call to any of the AC offices listed 
below will get you prompt information. 


AC Reliable Products Help You Sell 


SPARK 


FLINT—1300 North Dort CHICAGO—7074 North Western DETROIT—General Motors CLEVELAND—20575 Center 
Ridge Rd., EDison 1-8622 


Highway, CEdar 4-5611 Avenue, ROgers Park 4-9700 Bidg., TRinity 5-9197 
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PLUG # THE ELECTRONICS DIVISION OF GENERAL MOTORS 


LOS ANGELES—7666 Telegraph Rd., PHILADELPHIA—7 Bala Ave., 
RAymond 3-5171 MOhawk 4-9722, Bala Cynwyd 
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seal, such as non-recirculating annular 
jet, recirculating labyrinth seal, dif- 
fuser, peripheral air leakage, such as 
plenum chamber, and levapad: basic 
principles involved. 70 refs. 


Sliding on Air, A. L. HAYNES, D. J. 
JAY. Paper No. 133B. Principle of 
Levacar, developed by Ford Eng Re- 
search, which is essentially guided 


“airplane” that flies without benefit 
of wings: it can use propulsion sys- 
tems such as ducted fans, propellers, 
or jet engines; paper centers around 
levapads which are frequently classed 
with air lubricated bearings because 
air is used as lubricant; how levapads 
differ from air bearings is shown by 
various calculations with respect to 
load-carrying capacity and pressure 
distribution and study of levapad vi- 
brations. 


Case for Ocean-Going Ground Ef- 
fect Machine, H. R. CHAPLIN. Paper 
No. 133D. Summary of practical per- 
formance picture of true ground effect 
machine (GEM), under development 
at David W. Taylor Model Basin of 
U. S. Navy Dept.; analysis of hovering 
and cruise performance, stability, and 
operation over water; problems asso- 


In Piston Rings... 


Gessick 


Precisioneering 


means 


QUA 


LITY 


“Precisioneering” is a trade-marked term which describes 
the successful combination by Pedrick, of top-flight 


engineering for the best in design, material and perform- 
ance with the highest-type of precision in manufacture 


to produce the most perfect piston rings. 


Backing this up is statistical quality control which makes 
sure that no Pedrick ring which is not according to spec- 
ifications gets beyond the operation where a deviation 


occurs. For full information, including specific case his- 
tories, phone or write Mr. F. Rupert Glass, Manager, 


Detroit Office: 


a 
WILKENING MANUFACTURING CO. 


433 New Center Bidg., Detroit 2 
TRinity 5-1790 


Orn aT 


ciated with latter; it is concluded that 
over large bodies of water, it might be 
possible to operate at heights of order 
of 10 ft. 


Placing Maintenance in High Prior- 
ity Category, G. R. CUTLER, E. B. 
OGDEN. Paper No. 135A. Approach 
taken by Transcontinental Operations, 
Chicago, Ill., in operation of freight 
liner trucks; establishment of equip- 
ment and methods development de- 
partment devoted to program of con- 
trolling maintenance procedures and 
proper tooling, and design of future 
equipment with respect to correction 
of old problems. 


Strong Management — Better Main- 
tenance, H. L. WILLETT, Jr. Paper 
No. 135B. Organization from view- 
point of National Truck Leasing Sys- 
tem is defined in terms of functional 
type organization structure, and prod- 
uct type, geographic separation, and 
line vs. staff, and decentralization 
types of structure; company objectives 
and their relation to company organi- 
zation structure. 


Management, Men and Machines, 
M. K. SIMKINS. Paper No. 135C. 
Examination of three areas — man- 
agement, men and machines, used 
either directly or indirectly in truck 
transportation with respect to main- 
tenance departments and operating 
costs; responsibilities and function of 
fleet superintendent; controlled test 
program whereby new products can be 
field-tested under normal fleet operat- 
ing conditions is recommended. 


Chrysler Corporation Unit Construc- 
tion Story, J. W. SHANK, R. H. 
KUSHLER. Paper No. 137A. Story 
of development of “Unibody” unit; ex- 
perimental phase, or development 
progress prior to decision to use unit 
construction, and product design 
phase, or final development; alternate 
approaches considered; styling and 
comfort requirements; manufacturing 
considerations and understructure as- 
sembly sequence: front and _ rear 
structure, and center pillar develop- 
ment; laboratory and road testing: 
corrosion protection and sound re- 
duction. 


Reduction of Air Pollution by Con- 
trol of Emission from Automotive 
Crankcases, P. A. BENNETT, M. W. 
JACKSON, C. K. MURPHY, R. A. 
RANDALL. Paper No. 142A. During 
tests, carried out at General Motors, 
it was found that gases heretofore 
considered not significant, are im- 
portant source of air pollutants; data 
on composition of blowby gases; 
evaluation of crankcase and exhaust 
gas hydrocarbon emissions using ana- 
lytical techniques, and method of elim- 
inating these gases by internal venti- 
lation of crankcase to engine intake. 


Application of Multiple Shoe Brakes, 


(continued on p. 137) 
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PEAK POWER OUTPUT FOR HEAVY-DUTY EQUIPMENT... 


HYDRA-DRIVES 


POWER SHIFT TRANSMISSIONS 
and TORQUE CONVERTERS 


Rockwell-Standard’s Hydra-Drives units make hard work easy for 
heavy-duty equipment. The result . . . smooth, efficient, economi- 
cal operation. A torque converter and 4-speed transmission in one 
compact package, the Hydra-Drives Power Shift Transmissions 
have been proved in hundreds of vehicles. They eliminate engine 
lugging and heavy shock loads. A 3-to-1 torque multiplication 
makes starting fast and effortless—even with heaviest loads. 

Just a flip of the operator’s lever accomplishes power shifts 
without interruption of the power flow. Automatic features of the 
converter and ease of power shifting simplifies operator training 
and lengthens vehicle life. 

With four speeds forward and reverse, the Hydra-Drives 
Power Shift Transmissions are ideally suited for vehicles which 
must travel in both directions during a normal work cycle. 

Hydra-Drives Torque Converters are the simplest, most effi- 
cient made. They can be matched with any transmission for easier, 
more efficient operation. 


HYDRA-DRIVES 


Transmission 


HYDRA-DRIVES 


Four speeds forward and Cc | >) Ee 
reverse. 


Full power shifting. A Transmission 


For equipment up to 175 h.p. 
@ Four speeds forward and 
reverse. 


@ Power shift in each range both 
forward and reverse. 


@ For equipment up to 250 h.p. 


"Torque converter MAIL en Ts 
Torque Converter 
@ 3-to-1 torque multiplication. ROCKWELL-STANDARD CORPORATION 


@ Available separately, or with ET SE ae 
Hydra-Drives Transmission. 


@ For vehicles up to 500 h.p. aR4 


Products of ROCKWELL-STANDARD Corporation 
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News about 

CHEMICALLY 

ENGINEERED 
PLASTICS 


Throughout the automotive industry, you'll find modern plastics at 
work. They contribute to the stylish, attractive appearance of car 
interiors. They simplify production. They even help achieve long 
life in the equipment used to make and service cars. The continuing 
development of plastics technology at Dow has provided automotive 
men with many ways to add to the performance and sales appeal 


of their product. 


DOW PLASTICS MEET DEMAND FOR 
PERFORMANCE—AT LOW COST 


Today’s style-conscious, value- 
alert buyers place strong 
demands on a car’s interior. 
Colorful good looks are a must! 
But over and above appear- 
ance, new-car buyers demand 
hard-wearing, abuse-taking 
upholstery that’s easy to clean. 


These many customer require- 
ments are met fully with the 
help of vinyl fabrics made with 
Dow PVC... 

Dow PVC (polyvinyl chloride) 
solves tough fabric problems involving 
both appearance and serviceability for 
seat upholstery, side panels and roof 
liners. With a vast array of colors and 


color combinations possible, fabrics of 
Dow PVC can be supplied in any de- 
sired surface pattern . . . with the extra 
value of texture and feel that spell 
superb quality to the serious buyer and 
casual shopper alike. 

Besides adding eye-appeal, these 
fabrics have excellent aging character- 
istics to assure the lasting value of 
durability. They are cleaned with a 
damp cloth .. . with warm water and 
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soap or other mild cleansing agent 
needed only for the most stubborn dirt 
spots. 

Dow supplies PVC resins, with their 
excellent processing characteristics, to 
calenderers of fine interior fabrics that 
help sell cars—make them more enjoy- 
able to own and drive. 

Dow Latex 2582, for the underside 


of automotive fabrics, makes possible 
even the lightest of colors. This, in turn, 
opens the door for high-styled fabric 
patterns with varied weaves, fleck de- 
signs and other creative ideas of auto- 
motive designers. 
In addition, 
made with Latex 
resistant to stains 


backing formulations 
2582 are highly 
even copper and 


other metallic dyes—as well as to fading 
and aging: Dow supplies Latex 2582 
both to backing formulators and to 
fabric manufacturers. 

While Dow PVC and Latex 2582 
help provide more colorful, more serv- 
iceable fabrics, other Dow plastics prod- 
ucts help car makers in other ways... 
such as in the examples below. 


SOLVE TOUGH AIR CONDITIONING PROBLEMS WITH STYRON 440 


Air conditioning answer. Styron™ 440 
helps automotive engineers design better 
heating and air conditioning system 
parts. This rugged Dow thermoplastic 
cannot absorb or transmit water. Thus, 
no change of dimensions due to mois- 
ture, no deterioration. No distortion 
from the wide range of temperatures 
encountered in automobile operation, 
either. Parts made of Styron 440 keep 
their snug fit throughout their long 


ETHOCEL: 


A “HELMET” FOR 
HEADLIGHT AIMERS! 


The same material that has proved 
its toughness and stamina in helmets 
for pro football players also helps assure 
long life for equipment like this head- 
light aimer. For rugged service, its 
cover is made of Ethocel®, which pro- 
vides great toughness and high impact 
strength over wide temperature ranges. 

Besides withstanding severe shock, 
Ethocel resists chemicals, yet provides 
dimensional stability to ensure perfect 
production line assembly of close tol- 
erance parts. Ethocel has the additional 
advantage of an attractive, glossy sur- 
face that’s easy to maintain. 
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seryice life. 

These parts are lightweight — much 
lighter than materials commonly used 
im such automotive applications. And 
they require no painting for protection 
or appearance’s sake. The color — any 
color—is molded into the material. This 
means no unsightly paint chipping 
wherever parts are on view in the car 
interior. 

Takes tough treatment. Styron 440 


goes to the head of the class on the 
automotive production line, too. Its 
excellent moldability and fabrication 
characteristics cut manufacturing costs 
neatly. (Very few rejects, for example 
. almost none.) It’s tough enough to 
withstand the knocks and bruises of 
assembly operations. Takes staples, self- 
tapping screws and other joining de- 
vices without a whimper, and keeps 
them in place on the roughest roads. 


For more information, for help in 
putting these materials and many 
other members of the Dow family 
of plastics to work profitably for 
you, call on Dow. We suggest you 
contact the nearest Dow sales office 
or write THE DOW CHEMICAL COMPANY, 
Midland, Michigan, Plastics Sales 
Department 1710EN5. 


THE DOW CHEMICAL COMPANY 
Midland, Michigan 


See ‘‘The Dow Hour of Great Mysteries’’ 
on NBC-TV 





Case-o-matic Drive torque-converters on J. |. Case tractors use 
waffle-grooved R/M sintered bronze friction material in master clutch. 


Improved heat dissipation in a forced- 
cooled clutch resulted from close co- 
operation between engineers of Twin 
Disc Clutch Co., Racine, Wis., and 
Raybestos-Manhattan. 


Waffle grooving 


As a manufacturer of all types of 
clutches, Twin Disc has wide experi- 
ence in the useful application of fric- 
tion. This knowledge, combined with 
R/M’s friction know-how and labora- 
tory and research facilities, produced 
a clutch plate of sintered bronze with 
waffle-type grooving, which improves 
cooling and lubrication. 


Three of these friction plates are 
used in master clutches of Case-o- 
matic Drive torque-converter trans- 
missions manufactured by Twin Disc 
for J. I. Case farm tractors. 


How R/M helped design 
a cooler tractor clutch 


For over 20 years, R/M has worked 
with every kind of friction material 
for thousands of specialized applica- 
tions. Only R/M manufactures all 
types of friction materials. For this 
reason you can be sure you are re- 
ceiving sound, unbiased advice from 
R/M on the material best suited to 


your application. 


Outstanding service 


Why not take advantage of R/M’s 
broad experience and outstanding 
service—an R/M sales engineer can 
be at your desk within 24 hours. 


Want helpful engi- 
neering data on fric- 
tion materials? Send 
now for R/M Bulletin 
501—no obligation. 


Unique clutch design 
revealed in cutaway 
of Case-o-matic Drive 
transmission. Balanced- 
pistonsystem eliminates 
clutch release springs 
and provides compact 
design. Arrow points 
to clutch plates. 


Waffle grooves im- 
prove cooling and 
lubrication. Sintered 
bronze friction facings, 
.022 in. thick, bonded 
to a 14 gage copper- 
plated base plate. 


RAYBESTOS-MANHATTAN, INC. 


EQUIPMENT SALES DIVISION: 


Bridgeport, Conn. e 


Chicago 31 


Cleveland 16 e 


Detroit 2 e 


Los Angeles 58 
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P. F. BLACK. Paper No. S-211. The 
design and operation of multiple shoe 
brakes is reviewed. These brakes have 
been applied to a wide variety of ve- 
hicles, ranging from wheel chairs and 
light training airplanes to the largest 
jet transports, 200-ton amphibious 
barges, and heavy earthmoving equip- 
ment. 


Rotating Combustion Engine, ROY 
T. HURLEY. Paper No. S-236. De- 
scription, operation, and possible uses 
of CW Rotary Combustion Engine are 
given, along with test results, includ- 
ing graphs. 


Automotive Differentials, N. R. 
BROWNYER and L. G. BOUGHER. 
Paper No. S-242. Various types of 
differentials are described, including 
both conventional and limited-slip or 
torque-responsive ones. The latter 
type, with torque bias added by fric- 
tion, are currently in greatest favor 
for improving traction in passenger 
cars and other light vehicles. The au- 
thors point out that these devices give 
only an approximation to desired re- 
sults. 


FUELS & LUBRICANTS 


Two-Cycle Engine Lubrication, D. C. 
BARDY. Paper No. 8-232. Lubrica- 
tion problems associated with 2-stroke 
engines are listed, and the effect of 
blending additives with motor oils for 
2-stroke engines is outlined. Results 
of 35-hp outboard motor tests with 
several additives are also included. 

NUCLEAR ENERGY 

Direct Conversion of Heat to Elec- 
tricity: Thermionic Method, R. W. 
PIDD. Paper No. 120A. Technologi- 
cal position of reactor power plant and 
review of processes used to convert 
atomic heat into electricity; thermo- 
couple as power producer; development 
of cesium converter which can be 
readily adapted to reactor design; 
method of direct conversion whereby 
electric power is produced directly at 
fuel surface and extracted from re- 
actor core; proposed temperature of 
2000 C appears feasible on basis of lab- 
oratory data. 


Large Direct Conversion Space 
Power Systems, T. F. NAGEY, R. E. 
HENDERSON. Paper No. 120B. Re- 
view of nuclear electrical power sys- 
tems and research required for direct 
conversion; comparisons to solar con- 
version systems; characteristics of LiH 
thermally regenerative fuel cell, doped 
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FbTe thermoelectric convertor, and 
close spaced thermionic diode which 
are used as examples of direct conver- 
sion devices; development of solar di- 
rect conversion systems in 1 mw class 
competitive with nuclear systems is 
believed to be possible. 


Thermionic Direct Conversion Stud- 
ies with Noble Gas Plasma Diode, F. 
E. JAMERSON. Paper No. 120C. Pro- 
gram conducted at University of Mich- 
gan on direct conversion of nuclear 
fission heat to electricity in plasma 
diode; fission fragments from uranium 
bearing cathode are used to produce 
plasma of relatively low fractional 


was performed in University’s research 
reactor in which uranium carbide 
cathode was operated up to tempera- 
tures of 2000 K; experimental data and 
measured diode characteristics. 


Radioactivity — Guide and Energy 
for Future Automotive Safety, J. J. 
GREBE, D. E. HARMER. Paper No. 
123A. Suggestions made to improve 
production, fueling, and safety guiding 
of automobiles; radioisotopes for de- 
termining tool and part wear of en- 
gines; neutron-activitation analysis 
and catalytic effects of radiation itself 
on chemical systems and plastics; one 
field offering potentials is that per- 


ionization in noble gas; experiment (continued on p. 142) 


Write for guides to better fuel injection. One features 
the pump, the other an efficient, economical filter. 


HARTFORD MACHINE SCREW CO., HARTFORD 2, CONN. 
Division of Standard Screw Company 





Keep a Wagner Air Brake Equipment 
Manual handy for use when specifying 
or ordering air brake systems—actuat- 
ing systems... safety controls... 
pneumatic controls. 


This sales manual (KU-202) was pro- 
duced specifically to aid design engi- 
neers, purchasing and production 
engineers of original equipment manu- 
facturers. It outlines the uses, operating 
and construction characteristics, and 
dimensions of standard Wagner Air 
Brake units. A wide range of standard 
units for vehicular or industrial uses are 
listed by parts number. They may solve 
your braking or air control problem. 


AIR BRAKE SYSTEMS 
AIR COMPRESSORS 
APPLICATION VALVES 
AIR CONTROL VALVES 


VEHICLE PROTECTION VALVES 


ACTUATING UNITS — 


MOISTURE EJECTION VALVE ae’ 


s WARNING Devices 


AIR TANKS... ree 
AIR LINE CONNECTORS 


CONSULT YOUR WAGNER AIR BRAKE SPECIALIST 
Let him help you with your specifications, and also ask him about 


the engineering consulting service available from Wagner. 


Wadsner Electric Corporation 


6378 Plymouth Avenue, St. Louis 33, Mo., U.S.A. 
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How Aluminum Bumpers 


reduce costs, 
cut weight, 


permit design 





versatility 





ALUMINUM 
BUMPERS 
OFFER... 


Fabricating Savings. Depending on size and 
design, formed extruded aluminum bumpers can be 
fabricated with a per bumper saving of $1.25 to 
$3.00. An average saving of $3.00 to $4.00 per car 
is very realistic. Reynolds work with forming tech- 
niques has demonstrated that complex shapes can 
be formed without sacrifice of mechanical properties 
and without impairing brightness of the rust free 
anodized surface. 


Important Weight Savings. Current 
bumpers average out at 36 to 40 pounds. Compar- 
able designs in aluminum weigh 15 to 22 pounds. 
Average weight savings per car with aluminum 
bumpers are estimated at around 40 pounds. Alu- 
minum bumpers can cut ‘“‘overhang’’ weight, give 
brakes less load to stop—aid in the overall auto- 
mobile design programs to reduce deadweight and 
improve car performance. 


Styling and Design Versatility. Deep 
recesses or grooves can be easily designed into 
aluminum bumper extrusions to achieve styling 
effects that cannot be accomplished with other 
metals. Also, aluminum extrusions can be anodized 
to full thickness even though grooves and recesses 
and sharp corners are specified. This cannot be 
done with plating processes on other metals. For 


this reason, it is safer to design with aluminum 
from the standpoint of customer satisfaction and 
warranty costs. Contrasting colors can also be 
added through the use of organic finishes—paint 
films adhere to anodized aluminum much better 
than to other bright trim materials. 


Strength. Average material in the conventional 
bumper has a yield strength of between 25,000 and 
30,000 pounds per square inch. Aluminum alloys 
used by Reynolds in sample bumper fabrication 
have a yield strength of 31,000 pounds per square 
inch. Reinforcing members integral with the extru- 
sion can be easily designed into the bumper for 
even greater strength. 

For information and assistance on aluminum 
automotive applications, talk to a Reynolds 
Aluminum Specialist. Write or phone Reynolds 
Metals Company, P.O. Box 5050, Seven Oaks Station, 
Detroit 35, KEnwood 7-5000. Or contact your near- 
est Reynolds office or write P.O. Box 2346-MW, 
Richmond 18, Virginia. 


NOTE: Before you buy any part—have it designed and 
priced in aluminum. Basic material costs do not deter- 
mine part costs. New techniques and processes—appli- 
cable only to aluminum—can give you a better product 
at a lower final cost. 


REYNOLDS ALUMINUM 


the metal for automation 


Watch Reynolds TV shows—“ ADVENTURES IN PARADISE”, 
“BOURBON STREET BEAT” and “ALL STAR GOLF’’— ABC-TV. 





AiResearch’s new line of high 
performance turbochargers 
gives higher air pressures and 
more flow per size and weight than 
ever before achieved in the turbo- 
charging industry, while retaining 
the high standards of durability 
which AiResearch established in 
this field. 
Designed for the 50-700 hp 
engine range, the turbochargers 
- incorporate (a) low inertia, low 
: stress, high pressure ratio impel- 
~y 3 lers and turbine wheels, (b) free 
' vortex turbine housings which 
eliminate nozzle rings and provide 


higher turbine efficiency. 


Other advantages: 


- Lower Cost—Radically simplified 
design and high production tool- 


ing have significantly lowered unit 


< cost and service requirements. 
‘ Faster Response — Lowered in- 


ertia of the rotating group has 
made response almost immediate. 
Greater Versatility—Interchange- 
a able compressor components for 


each basic turbocharger housing 


<<. permit a perfect matching of tur- 
TURBOCHARGERS Pine bocharger to the job; and better 
F engine matching further reduces 


operating cost. 

These new, high performance 
turbochargers are readily adapted 
to AiResearch turbocharger con- 
trol systems which insure opti- 
mum engine characteristics over 
the entire range. 

World leader in the develop- 
ment and manufacture of light- 
weight turbomachinery of all 
types, AiResearch now has more 
than 35,000 turbochargers in the 
field delivering nearly 9 million 
turbocharged horsepower. 

Your inquiries are invited. 


CORPORATION 


GiResearch Industrial Division 


9225 South Aviation Blvd., Los Angeles 45, California 
DESIGNERS AND MANUFACTURERS OF TURBOCHARGERS AND SPECIALIZED INDUSTRIAL PRODUCTS 
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REASONS YOU 
SHOULD READ 


ROAD 
TRACK 


RoaD & TRACK was America’s first 
magazine to publish comprehensive 


iutomobile road tests 


ROAD & TRACK was America’s only 
consumer magazine to forecast the 
imported caf boom 


RoaD & TRACK is America’s only 
magazine published by an autome 

Tha eee eee ae tet 
ence of discriminating professional 


automotive enthusiasts 


RoaD & TRACK has maintained a 
standard of editorial quality and 
technical excellence unmatched by 
other automotive magazines 


ey mers 
, eee 


WULOGUC 


| 


We are. making a special introduc 
tory offer to readers of the SAI 
[ele rt 

For just $3.95 you can 
Roap & Track for a full year at a 


substantial savings. Do it now 


Silents Leen ce) 


]} BILL ME 
PAYMENT ENCLOSED 


City, Zone, State, 


834 PRODUCTION PLACE, 


NEWPORT BEACH, CALIF. 
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taining to safety of vehicle operation; 
detection systems for vehicle with re- 
spect to roadway, infrared radiation 
emitters to transmit change in speed 
of vehicle ahead, etc. 


Propulsion Sub-System Areas Re- 
quiring Definition and Development in 
Preparation for Operational Nuclear 
Rockets, R. B. CLAPPER, A. CORBIN. 
Paper No. 123B. Major sub-systems 
are propellant and necessary tankage; 
turbopump to feed supply propellant; 
reactor to heat propellant; thrust 
chamber and nozzle to convert heat 
energy to kinetic energy; control sys- 
tem and shielding to protect sensitive 
components; rocket system develop- 
men philosophy and establishment of 
performance and development goals; 
optimization and control sequence; 
suggested time schedule for each of 
sub-systems. 


MATERIALS 


High Temperature Materials and 
Their Heat Treatment for Anti-Fric- 
tion Applications, O. W. McMULLAN. 
Paper No. 122A. Paper deals with steel 
and its heat treatment employed in 
antifriction bearings for gas turbine 
engines; available materials are classi- 
fied into those suitable up to various 
temperature limits ranging from 450 
to above 1500 F; metallurgical prob- 
lems in heat treatment of high alloy 
content steels; retainer materials; 
major constituents of three most com- 
monly used cage materials are listed. 


New Plastic Bearing Materials — 
Greaseless Car in Your Future, R. E. 
HARMON. Paper No. 122B. Plastics 
considered as dry bearing components 
such as TEFLON TFE fluorocarbon 
resin, nylon, FEP fluorocarbon and 
acetal resins, latter two being in devel- 
opment production stage; classifica- 
tion of dry types and evaluation of ap- 
plications for natural state plastic, 
filled plastic mixtures, impregnated 
wire screen and perforated metal, 
woven fabric, and impregnated porous 
bronze with metal backing bearings: 
factors affecting service life. 


Influence of Variations in Surface 
Properties of Steel on Corrosion Re- 
sistance of Body Panels, G. L. LEI- 
THAUSER. Paper No. 134A. Objec- 
tives of program of steel and automo- 
tive manufacturers, established to de- 
termine cause of corrosion differences 
noted in tests made in 1954 and re- 
peated in 1959; tabulated results of 
samples from 19 different heats; results 


“BOURBON STREET BEAT” and “ALL STAR GOLF’ — ABC-TV. 


of primer systems tested showed that 
most effective system consisted of 
acrylic-type flash primer applied to 
phosphated steel prior to primer sur- 
facer with no intermediate baking; 
further study required. 


Development of Corrosion Control on 
American Motors Corporation Single 
Unit Construction Body, J. L. MOL- 
NAR, W. SNYDER. Paper No. 134B. 
Approach applied to overcome corro- 
sion problem particularly evident in 
areas of country using de-icing chemi- 
cals on streets and roads; it was found 
that corrosion was well advanced on 
uncoated inside surfaces of lower box 
sections; program undertaken to coat 
these surfaces with deep dip primer, 
reinforced with application of inhibited 
wax in most critical areas; preparation 
of body for deep dip primer. 


Chrysler Corporation’s New Corro- 
sion Protection Process, C. P. DURBIN. 
Paper No. 134C. Study of corrosion 
protection treatments to interior sur- 
faces of body structural members; 
areas requiring protection; supple- 
mentary protection given to areas not 
coated with immersion primer or which 
are expected to be subjected to ex- 
tremely severe corrosive environments; 
steps employed in process. 


COMPUTERS 


Computer Solves Complex Suspen- 
sion Geometry Problems, K. L. HOYT, 
Cc. F. MADDOX, N. R. MILLER, D. F. 
ZAWADA. Paper No. 127A. Program 
at Ford Motor Co. for solution of dou- 
ble-wishbone front suspension for 1-f 
spring medium is also applicable to 
either front or rear suspensions and 
variations in type of spring; necessary 
data are: paths in 3 dimensions of up- 
per and lower ball joints; wheel center 
path, path of tire to ground contact 
point with wheel rolling and braked, 
path of lower attachment for spring- 
ing medium, spindle steering arm ball 
joint path, camber and caster change 
in degrees. 


Computer Technique for Designing 
Engine Mounts to Control Shake, E. 
STEPP. Paper No. 127B. Response of 
engine mounting system for given 
force and frequency is combined re- 
sponse of several modes which cannot 
be separated and identified easily by 
experimental methods; steps in design- 
ing system to control shake; computer 
technique, applied by Chrysler Corp., 
shows how one engine mode can be 
tailored to control bending mode of 
shake; same process can be used to 
match more than one mode to struc- 
ture; idle performance and noise trans- 
mission characteristics indicated. 


Computer Analysis of Automotive 
Drivetrains, S. E. STAFFELD. Paper 
No. 127C. Digital computer is em- 
ployed by Chrysler Corp. to solve two 
types of vibration phenomena: unbal- 
ance in propshaft which excites vibra- 


(continued on p. 144) 
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Experience— the added alloy in Allegheny Stainless 


280s ane 





New booklet on A-L’s precipitation-hardening 
stainless steels, AM-350 and AM-355 


A tool for anyone interested in 
high strength-to-weight metals 


In this technical booklet, you get the facts on Alle- 
gheny Ludlum's precipitation hardening stainless 
steels, AM-350 and AM-355, metals developed for 
space age requirements. 

AM-350 and AM-355 combine these unusual qual- 
ities. They are easy to fabricate. Have high strength- 
to-weight ratios at room and elevated temperatures 


ess 


ALLEGHENY LUDLUM 


EVERY FORM OF STAINLESS... EVERY HELP IN USING IT 
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combined with excellent resistance to corrosion. 

The physical and mechanical properties of the two 
metals are described in 33 charts and tables. Included 
are heat-treatment and fabrication data, eight photo- 
micrographs and a section on corrosion resistance 
with representative values in selected environments. 

It’s jam-packed with data. For your free copy, see 
your A-L representative or write Allegheny Ludlum 
Steel Corporation, Oliver Building, Pittsburgh 22, 
Pa. Address Dept. SA-). 
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aS ae a 
HIGH-ALTITUDE LINE 





Just seat Stackpole Quick-Filming 
Brushes and they’re ready for immediate 
high-altitude operation. Now available in 
5 basic materials groups, these brushes 
cover practically any high-altitude re- 
quirement, present or pending. 


Features include excellent commuta- 
tion; greater stability; lower, more stable 
temperatures and materially longer life. 
Uniformly distributed high-altitude pro- 
tective ingredients reduce maintenance 
and frequently add greatly to operating 
stability at high temperatures. 


Write for Quick-Filming Bulletin 21. 


eT 3 EL (Electrographitic series) 


.. . for long life . . . improved commutation 
and operating stability . . . lower tempera- 
tures . . . minimized polarity effect. 


GRADE Bk LU (‘Concentrated moly’’ series) 


. . . for top performance on “‘trouble’’ jobs. 


8) RA D 3 6 3 6 (Metal Graphite Series) 


.-. for slip ring applications and low-voltage 
commutating equipment. 


8) if) iY 3 6 1 1 (Treated Copper-Graphite Series) 


. - - for slip ring applications and very low- 
voltage commutating equipment. 


ie) RAD 3 3 S cE (Treated Silver-Graphite Series) 


. .. for slip rings requiring low, stable con- 
tact drop; also for very moist, very dry, oil 
vapor or other difficult environments. 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


BRUSHES for all rotating electrical equipment e ELECTRICAL CONTACTS e 
BEARINGS e GRAPHITE CHEMICAL ANODES e GROUNDING ANODES e 
POWER TUBE ANODES e SEAL & CLUTCH RINGS @e VOLTAGE REGULATOR 
DISCS e HEATING ELEMENTS e FRICTION SEGMENTS @¢ CERAMIC MAGNETS 
e FERROMAGNETIC CORES e FIXED & VARIABLE RESISTORS @ WELDING 
CARBONS ... and many other carbon, graphite and metal powder products. 
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tion at first order frequency, i.e., one 
cycle of vibration for each revolution 
of shaft; universal joints which gen- 
erate second order forces and moments, 
magnitudes of which are proportional 
to joint angularity; general statement 
and computation; computer sequence; 
its application makes it possible to deal 
with increasing large number of com- 
binations of power plants, transmis- 
sions extensions and propshafts. 


DYANA Computing System and Its 
Applications, J. T. OLSZTYN, B. HAR- 
GRAVES, T. J. THEODOROFF, E. L. 
JACKS. Paper No. 127D. System for 
IBM 704 computer and its compo- 
nents; DYANA program consisting of 
description of vibrating system inves- 
tigated, mathematical expressions re- 
quired, and set of statements: compiler 
prepares mathematical model, numeri- 
cal procedures, and organizes these 
into FORTRAN program: system, de- 
signed for study of spring mass damper 
systems, is capable of handling dy- 
namic problems whose mathematical 
models are represented by systems of 
ordinary differential equations; two 
examples of applications. 


MISCELLANEOUS 
How to Write Effective Technical 
Reports, T.C. HICKS. Paper No. 124A. 
Importance of technical reports as 
tools in industrial decision making is 
shown; paper shows engineers and 
scientists how to prepare better re- 
ports, and how to make them more ac- 

curate, timely, and effective. 


Literature Engineering on The Why 
and How of Engineer in Library, R. E. 
RUNSER. Paper No. 124B. Role of 
library in general, specialized techni- 
cal and research library for engineers; 
librarian’s functions; use of library 
card catalog, indexes and abstracts, 
bibliographies, subject handbooks and 
manuals. 


Guide to Automotive Engineering 
Literature, E. B. JACKSON, E. V. 
WRIGHT, R. MacDONALD. Paper 
No. 124C. Literature essential to auto- 
motive engineer concerned with chas- 
sis, power plant, and power train of 
vehicle is presented; bibliography, of- 
fered as “Automobile Engineers Five- 
Foot Shelf” contains compilation of 
abstracts and indexes; comprehensive 
bibliographies; bibliographic refer- 
ences in periodicals; bibliographic serv- 
ices; dictionaries; handbooks; special 
reference works; books, pamphlets, etc. 
and periodicals. 
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give the gentleman what he wants... 


When the gentleman, the great automotive industry, calls for piston rings, 
Thompson Products RAMCO DIVISION gives him the complete package. 
That package includes piston ring engineering facilities backed by the 
world-renowned Thompson Ramo Wooldridge organization; it includes 
precision, capacity and delivery insurance that only the world’s most 
modern ring plant could deliver. Such a plant is the new Ramco Division 
Plant in Manchester, Missouri. We'd like to have you see this plant in 
person, or if you can’t, through our new booklet, “Most Modern Ring 


Plant.” May we send you a copy? 


Piston Rings bY THOMPSON PRODUCTS RAMCO DIVISION 


Thompson Ramo Wooldridge inc. + p. o. Box Sis 


Dept. Q, St. Louis 66, Mo. 






AUTOMOTIVE GROUP cael ie 
THOMPSON PRODUCTS ; THOMPSON PRODUCTS , THOMPSON PRODUCTS , THOMPSON PRODUCTS THOMPSON PRODUCTS 


LIGHT METALS MICHIGAN DIVISION VALVE DIVISION RAMCO DIVISION MOTOR EQUIPMENT 
DIVISION | MANUFACTURING DIVISION 


Copyright 1960 Ramsey Corporation M-815 





«wv HTRATOLOK 


REG. APPLIED FOR 


SELF-LOCKING FLUID COUPLING NUT 


Eliminate time and expense involved in safety wiring. 
The new Stratolok* self-locking fluid coupling nut 
assures positive locking and trouble-free sealed joints 
in critical applications. 


Stratoflex’s new Stratolok series of self-locking nuts is 
based on a 3-way mechanical displacement of 
threads. The Stratolok locking element permits free 
hand starting and insures that the lock is fully en- 
gaged before the nut is completely seated. When 
fully seated, the lock is retained. 


Stratolok nuts meet all locking performance require- 
ments of Specification MIL-N-25027. They are avail- 
able in a complete range of sizes and are reusable 
and completely interchangeable with existing AN and 
MS nuts. Stratolok “’S” series nuts, for temperatures 
up to 550°F, are Cadmium-plated steel; “CR” Series, 
for temperatures up to 800°F, are silver-plated stain- 
less steel. For complete information, write for Stratolok 
Bulletin S-8. 


*Formerly SPS Self-Locking Nut 


SALES OFFICES: 
Atlanta, Chicago 
Cleveland, Dayton 
Detroit, Fort Wayne 
Fort Worth, Hawthorne 
Houston, Kansas, City 
Milwaukee, New York 
P.O. Box 10398 Fort Worth, Texas Philadelphia, Pittsburgh 
Branch Piants: Hawthorne, Cal., Fort Wayne, Toronto San Francisco, Seattie 
in Canada: Stratofiex of Canada, Inc. Toronto, Tulsa 


New Members Qualified 


These applicants qualified for admis- 
sion to the Society between March 10, 
1960 and April 10, 1960. Grades of 
membership are: (M) Member; (A) 
Associate; (J) Junior. 


Atlanta Section: Cato Wilson (M). 


British Columbia Section: W. H. Craig 
(A), Elijah Enefer (A), John H. Fris- 
wold (M), William Clarence Jones (A), 
David Murray Stewart (A), James Vic- 
tor Whitehead (A). 


Buffalo Section: Duane R. Crumb (M). 


Central Illinois Section: Donald C. 
Dowdall (J), Stephen F. Glassey (J), 
Harold Joe Harp (J), Kenneth Wm. 
Mettelmann (J), Dean E. Miller (J). 


Chicago Section: Robert W. Andersen 
(J), Roy J. Anderson (A), George A. 
Berry III (A), James J. Berta (A), 
James F. Bice (J), Marvin L. Brown 
(J), James R. Colvert (M), William A. 
Cooper (M), Arthur W. Donkin (M), 
Wilton E. Quant (M), Duane L. Repp 
(J), Roger A. Rice (J), Kenneth R. 
Robinson (J), James F. Sauer (M), 
Ronald A. Steen (J), Ted Tom (M), 
Leon A. Wirt (J). 


Cincinnati Section: Richard L. Eu- 
banks (A). 


Cleveland Section: Joseph P. Balionis 
(M), Daniel T. Hanlon (M), John 
Joseph McFadden (M), Louis S. Papp 
(M), Walter H. Schefft (M), Rudolf 
Hans Schleicher (J). 


Dayton Section: Tali A. Abul (J), John 
L. Lenz (M). 


Detroit Section: Van E. Aldrich (A), 
William P. Bamford ‘(M), Roland 
James Barlow (M), Philipp Becker (J), 
Roy W. Best (M), James L. Byrne (J), 
Glenn L. Calcamuggio (M), Louis E. 
Calvin (J), Harry G. Chassie (M), 
Michael Robert Dragon (M), George R. 
Fead (A), Laurence G. Feiler, Jr. (A), 
Jerome John Frankowski (J), Richard 
Gulau (J), Otto Habrecht (M), James 
F. Hoffman (M), George A. Kostka 
(M), Richard J. Kotch (A), Gerald T. 
Kozlow (M), Harold A. Maloney (M), 
Odell C. Mercer (M), David Franklin 
Merrion (J), Richard E. Muller (J), 
Hunter L. Oden (J), Leonard J. Paci- 
orek (J), Raymond L. Porter (M), 
Jerry Anthony Pretti-Pavletta (M), 
Erwin G. Rapske (A), Lloyd E. A. 
Reuss (J), Russel O. Rice (M), Ralph 
Gordon Richardson (M), Richard 
George Rupli (J), William C. Sink (M), 
David A. Sloss, Jr. (J), Robert G. Stan- 
wood (A), Richard Swiatek (J), Ernest 
Toth (A), Charles W. Unbehaun, Jr. 
(M), Lawrence Marvin Weathers (J). 


Hawaii Section: Eric Holloway (A). 


(continued on p. 148) 
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A rugged Saginaw Ball Bearing Screw is used to raise and lower 
the new “Jetway” passenger loading corridor, manufactured by 
P I Steel Corporation in Los Angeles. It’s now in operation for 
United Air Lines at San Francisco and New York’s Idlewild 
Airport. These movable, telescoping corridors directly connect 
terminal and aircraft. Travelers pass through, protected from 
wind, rain, fumes and noise. 


SAG s dep AW The Saginaw b/b Screw used here is a standard rolled thread 
assembly with a B.C.D. of three inches and measuring seven 

feet in length. The Saginaw Screw is in a motor-driven shaft under 

bal i/beari ng the outboard section of the “Jetway” . . . and in seconds, smoothly 


and accurately matches the floor elevation of the huge 
corridor to that of the plane. 


oe Cc R E Vw Airlines specifically avoided hydraulic elev ating systems— 


the Saginaw b/b Screw was selected because it converts rotary 
motion into linear motion with over 90% efficiency, plus contributing 
important savings in maintenance and power and providing 
noise-free operation. The Saginaw b/b Screw may bring these and 
other profitable benefits to your product, too. Details are yours 

by phoning or writing Saginaw Steering Gear Division, General 
Motors Corporation, ‘Saginaw, Mic higan—world’ s largest producers 
of b/b screws and splines. 


giant TRAVELING cottidor 


Actuation To Fit Your Individual Requirements 
Have been built as small as %¢ in. B.C.D. and 
¥% in. long, as large as 6 in. B.C.D. and 40 ft. 
long. Larger sizes can be built to your order. 


WORLD’S MOST EFFICIENT ACTUATION DEVICE 
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New Members Qualified 


(continued from p. 146) 


Indiana Section: Robert J. Hays, (A), 
Julius P. Perr (J). 


Kansas City Section: Robert A. Han- 
son (A). 


Metropolitan Section: Joseph A. Bry- 
ant (M), Richard A. Franchi (J), Rob- 
ert W. Legge (M), John B. Littlefield 
(M), Edward R. Mueller (M), Carl 
John Rebhahn (M), James P. Santos 


(J), Gilbert W. Speed (J). 


Robert L. 
(M), 


Mid-Continent Section: 
Carder (M), M. Duane Lackey 
M. Gene Whitehead (A). 


Mid-Michigan Section: Earl W. Glover 
(A). 


Milwaukee Section: Hubert John An- 
derson (M), Richard T. Brandt (J), 
Gilbert C. Hahn (A), Jerome O. Just 
(J), Robert Charles Shebuski (J), Wil- 
mer E. Witt (M), Neill C. Woelffer (J). 
Montreal Section: Alfred John Japp 
(M). 


JOHNSON tappets 


—n 


* for all engine applications 


All of the engineering and manufacturing ef- 


fort at Johnson Products goes into producing a 


better tappet. 


Continual experimentation and exact- 


ing quality control make JOHNSON TAPPETS worthy 
of your consideration. Only proven materials, 


covering a range of hardenable iron, steel, and chilled 
iron of various alloys, are used in JOHNSON TAPPETS. These tappets are 
successfully used in jobs ranging from light duty to the 


— 
TAPPETS 


most severe, punishing applications. Serving all industry that 


employs internal combustion engines. 


“tappets are our business” 


JOHNSON (7) PRODUCTS 


MUSKEGON, 


MICHIGAN 


New England Section: F. Richard El- 
lenberger (M), Robert G. Griffing (A), 
Eugene W. McCarthy (A). 


Northern California Section: Glen Wil- 
liam Bickley (A), Leo S. Takeuchi (J). 


Northwest Section: Clifford L. Atwood 
(A), Alfred F. Benz (M), Andrew J. 
Erickson (A), I. Grant Fowler (A). 


Ontario Section: Frank William Baker 
(A), Gordon Kenneth Pickering (A), 
Walter J. Washburn (M), David H. 
Williamson (A). 


Philadelphia Section: Francois Ernest 
Didot (J), Hans Peter Gull (M), Frank 
W. Klinger (M), W. W. Tilden (J). 


St. Louis Section: James H. Detenbeck 
(M), Wilkes L. Maddox (M). 


Salt Lake Group: Thomas L. Gray (M), 
Donald D. Kriens (M). 


San Diego Section: Stanley E. G. Hill- 
man (A). 


Southern California Section: Gene 
Charles Bessolo (J), Ernest Theodore 
Hillberg (M), John Nye Morgan (M), 
Henry A. Smolinski (J), Jack P. Wright 
(M). 


Southern New England Section: R. W. 
Vose (M). 


Spokane-Intermountain Section: F. W. 
Fischer (A). 


Texas Gulf Coast Section: Arthur Ray 
Dudley, Jr. (M). 


Twin City Section: Robert Penfield 
Borden (M), Roland Haller (J), James 
McCormick (M). 


Washington Section: Robert Glenn 
Alexander (M), Edward Paul Wizniak 
(J). 


Western Michigan Section: Lewis M. 
Davis (M), Richard E. Murbarger (A). 
Thomas D. 


Williamsport Group: 


Cooney (M). 


Outside Section Territory: Douglas C. 
Ager (J), Jerome J. Bush (J). 


Foreign: Paul G. Axelrad (M), Brasil: 
Paul Berliet (M), France; Prija Chong- 
vatana (J), Thailand: Francisco J. 
Gutierrez S. (M), Mexico; Charle Ed- 
ward MacLennan (M), France; K. 
Viswanathan (J), So. India. 


Applications Received 
The applications for membership re- 


ceived between March 10, 1960 and 
April 10, 1960 are listed below. 


British Columbia Section: C. J. Makin, 
Douglas Stanyer 


Buffalo Section: Norman G. Bruinsma, 


(continued on p. 152) 
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Webster hydraulics 
“muscle’ a 
boardinghouse 
reach... 


JD SERIES POSITIVE 
DISPLACEMENT GEAR-TYPE 
PUMP send for complete 
engineering characterist 
performance and 


installation data 
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It stretches way out for a hearty bite, digs deep and unloads high 
over a truck side. Hydraulics give this versatile backhoe its sure- 
footed stance, swivel-hipped performance, accurate bucket and 
boom control. In many of these mobile rigs, a Webster JD hydrau- 
lic pump powers the action — in up to seven separate cylinders ! 

Not an unusual assignment — for the JD series has an uncanny 
ability to handle demanding jobs with speed, sureness and excep- 
tional dependability. That’s why you find them on a wide range 
of industrial, agricultural and construction machines... in pressure 
lubricating, oil circulating and lift systems. 

Webster JD positive displacement, gear-type pumps are avail- 
able in 5 sizes — from 5 to 23 gpm — with pressures to 2000 psi, 
speeds to 2400 rpm. Drive is direct, gear or belt. Side porting 
standard, end optional. Compact design fits into tight corners. 


» 


Need help in a specific hydraulic application? A specially trained 


Webster hydraulics engineer is ready to assist you. Write for action! 
OIL HYDRAULICS DIVISION 


ELECTRIC 
ees] RACINE -wis 
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wheels 


deliver... 
everything 


Soe—s5 In every part of the country, every 


corner of the world . . . Budd-made wheels are used for 
the transportation of all kinds of cargo . . . from school 
children to ballistic missiles. More than 60 million 
wheels for trucks, trailers, buses and off-the-highway 
vehicles have rolled from Budd plants. And many of 
them are still rolling after more than 5 million miles. 

A recent Budd development has now produced 
wheels that are 10% stronger... with no addition in 
weight, no increase in cost. Such developments are 
typical of the foresight with which Budd facilities are 
being applied to serve the automotive industry. The 
Budd Company, Detroit 15. 


AUTOMOTIVE i> 7 a 
HM DUMEMER owision 


Since 1916 — serving the automotive in- 
dustry with research, design, engineering 
and specialized production facilities. 








Applications Received 


(continued from p. 148) 


Robert E. Dutcher, 
Marlyn Duane Tanis 


Russell S. Genco, 


Central Illinois Section: Donald E. 
Berge, William P. Edwards, Emidio L. 
Gaspari, Donald Allen Holtkamp, Don- 
ald E. Merritt, Clyde B. Norman, Frank 
H. Riddle, David L. Taylor 

Chicago Section: Ralph C. Archer, An- 
drew Blaauw, Walter Fisher, Edward 
Carl Grahn, Norman Russell Hinkle, 


Rockford 
Clutches 
For 
Dependable 
Performance 





ROCKFORD CLUTCH DIVISION 
vere: 


316 CATHERINE STREET 


Export Sales Borg-Warner iInternational-36 So. Wabash, Chicago 3, Ill. 
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Elbert A. Hoffman, Lee Carlton Hoppe, 
Roger L. Hulslander, Earling C. John- 
son, Charles M. McClure, Joseph A. 
Nava, Brian Keith Neil, Edward C. Old- 
field, Gunther Pfeifer, Frank M. Posko- 
zim, Gus L. Poulos, Gerald E. Ritchey, 
Jerome Conrad Rosenwald, Robert W. 
Vierck, Baldev Singh Virdi 


Cincinnati Section: Arnold M. Leas, 
Robert H. Wettach, Jr., James Cody 
Williams, Edward P. Zelnis 


Cleveland Section: E. D. Abraham, 
Alan C. Birchler, Robert C. Brooker, 
Kenneth L. Campbell, Jr., Richard 
Harry Fleming, John W. Henry, M. C. 
Hoffman, Richard A. Janssen, Robert 
Moran, Donald W. Prideaux 






Specifically designed to 

meet the requirements of your 
Rockford Clutches 
are longer lasting, require 


projects. 


less maintenance and have 
proven performance. Write for 


complete information. 








CLUTCHES 
al 


BORG-WARNER 


ROCKFORD, ILLINOIS 


Colorado Group: Kurt F. Kircher 


Dayton Section: Theodore L. Bayless, 
Walter J. Braun, Roger L. Frantz, John 
A. Losh, William E. Metzger, Yoshitaka 
Yoshida 


Detroit Section: Philip G. Arndt, 
Bruce H. Bacon, Robert O. Bowersox, 
W. B. Calhoun, Jr., William C. Cam- 
eron, Russel Gilbert Corbin, Archibald 
C. Doty, Jr., Charles P. Fowler, Jakob 
K. Jakobsen, Gerald H. Kass, Addison 
B. Kelley, Lawrence R. Kirby, James 
Edward Luxenberger, Robert E. Man- 
ion, Samuel A. Mazzola, Jr., Bing- 
ham Andrews McClellan, Ralph Mc- 
Clintock, Samuel D. McCready, Donald 
McKenzie, Thomas F. Moormann, 
Donald Thomas Mullaney, George 
Richard Muster, Miguel Parets, Albert 
W. Post, Samuel B. Robbins, Walter 
C. Root, Bela Sandor, W. J. Scarbor- 
ough, Iain McMaster Scott, John L. 
Seeley, Edwin J. Seiberlich, Charles 
Henry Torner, Harry C. Van Matre, 
James A. Winnale 


Fort Wayne Section: Stuart S. Bower, 
Bill J. Martin, Robert Eldon Mee, Paul 
Everett Merriman, Allan Vegell, H. 
Franklin Wright, Jr. 


Hawaii Section: Jack A. Edwards, 
Richard C. Locey, Wallace C. S. Young 


Indiana Section: Charles Joseph Al- 
mond, Ronald J. Deal, Frank R. Hub- 
ler, Ralph J. McDaniel, Phillip J. Rit- 
chie, Robert L. Sharpe 


Metropolitan Section: Joel Raymond 
Bumpus, Daniel T. Cahill, Earl J. Cook, 
Michael E. Errico, Ivan O. Fieldgate, 
Frank Jannelli, Jr., Carl Orsini, Don- 
ald L. Pasquine, Richard A. Sigerist, 
Harrison Shaw, Paul Szulborski, Rob- 
ert William Thomson 


Mid-Continent Section: Gary A. 
Bagby, Ronald Lee Miller 
Mid-Michigan Section: Philip E. 


Smith, John A. Zidak, Jr. 


Milwaukee Section: Barrett N. Alex- 
ander, Joseph L. Johnston, Gordon J. 
Lis, Lawrence Thomas O'Donnell, 
Joseph R. Wright 


Montreal Section: Norman Walter 
Kuster, Jean Guy Lecuyer, Gordon 
Walter Little, Pawuin Marius 

New England Section: Paul J. Bar- 
nico, Werner G. Holzbock 

Northern California Section: Donald 


Lee Beers, Ralph B. Blodget, Vernell 
Matson Hance, E. C. Schaber 
King, 


Northwest Section: Carlisle 


Donald E. Olson 


Ontario Section: Brian Gregory Bar- 
den, Lewis Lees Buckley, Harold G. 
Deline, Michael A. Haddon, Neville 
John Edgar Hartwell 


(continued on p. 155) 
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ECONOMY, DURABILITY AND 
DEPENDABILITY are outstanding 
characteristics of these sintered 
metal gears. Parts like these are the 
result of close cooperation between 
Delco Moraine and its customers 
from idea through design and devel- 
opment to production. 


DELCO MORAINE 


DEPENDABLY MADE parts for automotive progress ¢ Division of General Motors, Dayton, Ohio 
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SHELL MOLDED EFFICIENTLY WITH 


RUL FUUNOREZ RESIN: 


Ford is mass-producing Falcon crankshafts by the shell 
mold process — a method as modern as the compact car 
itself. 


And an RCI phenol-formaldehyde FouNDREz resin is 
used extensively to produce the shell molds for this 
important Falcon casting. 


This combination of process and resin provides an’ 


economy born of efficiency. Here’s why! 

The shell mold process offers specific advantages: 

® pattern dimensions can be reproduced more exactly 
© castings have closer tolerance, require less machining 
e shell molds are portable and use less sand 





FOUNDREZ — Synthetic Resin Binders 
COROVIT — Self-Curing Binders 


e in fact, foundry efficiency, flexibility and production 
rate are increased 


And RCI Founprez resins are ideal for shell mold appli- 
cations because: 


e RCI isa basic producer of both phenol and formalde- 
hyde, which guarantees quality control from raw 
material to finished product. 


e RCTs experience, gained during 35 years of diversi- 
fied synthetic resin manufacture, assures expert tech- 
nical service. 

The advantages of shell molding may apply on one of 

your foundry jobs. Write to RCI Foundry Division ,for 

detailed information on FOUNDREZ resins. 


REICHHOLD -.:20c; 
PRODUCTS 


coRCiment — Core Oils 
CO-RELEES — Sand Conditioning Agent 
REICOTE — sand Courting Agent 


REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 
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Applications Received 


(continued from p. 152) 


Oregon Section: William A. Prothero 


Philadelphia Section: James David 
Conboy, Leonard J. Grecco, W. Haddon 
Judson, James M. Lewis, William Mer- 
riel Shook, Sr., John H. Warren 


Pittsburgh Section: David Michael 
Capone, Larry Duffield Duquette, Lu- 
cian J. Leta 


Rockford-Beloit Section: Paul F. Mar- 
shall 


St. Louis 
Schneider 


Section: Edgar Ralph 


Salt Lake Group: Gerald Leon Coak- 
ley, William Clyde Neal, William S. 
Watson 


San Diego Section: Reinhold L. Ger- 
ber, Billy Don Sevier 


Southern California Section: Horace 
L. Beaty, James Bernard Farrow, Jr., 
Alfred Herman Greiert, Jr., C. J. How- 
ard, Percy W. Mestman, Stanley Ches- 
ter Neff, Branson Moore Payne, Arthur 
G. St. Onge, Theodore G. Thometz, 
Jerome Warner Thompson, Donald M. 
Veihman, Tibor Wiener 


Southern New England Section: Theo- 
dore M. Adgate, William T. Blake, 
James A. Cronin, Carman Alfred Rit- 
chie, C. William Steele, Jr. 

Maurice William 


Syracuse Section: 


Burgher 

Texas Section: Wilson Hoag, Jr. 
Texas Gulf Coast Section: Ivy B. 
Langford 


Twin City Section: Calvin H. Schwalbe, 
Donald C. Staab 


Washington Section: William J. Neff, 
Norman H. Petersen, Daniel T. Pick- 
ett, N. E. Promisel 
Wichita Section: John Francis Me- 
laugh, Jr. 


Williamsport Group: Richard W. Ful- 
lerton 


Outside Section Territory: Tommy D. 
Badley, Douglas Elton Brotherton, 
Charles W. Davis, Arthur S. Gloster, 
II, John Richard McCorkle, Robert J. 
Wicke, Joseph W. Wiswall 


Foreign: Suresh Kumar Agarwal, In- 
dia; John Owen Dewan, West Aus- 
tralia; Richard Henry Holland, West- 
ern Australia; Robert Jones, East 
Africa; Aurele P. MaMere, Turkey; 
John Allen Pankhurst, New Zealand; 
Josephus van Rosevelt, Holland 
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IF YOU WANT TO SHAVE 
TIME AND COST ON YOUR 
ENGINE-DRIVE POWER PROJECTS—SPECIFY 
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DRIVE TRAIN: specify your choice of 
centrifugal clutch; over-center clutch; 
clutch reduction or reduction assembly 
in a variety of ratios; adaptor to take 
a spring-loaded clutch or transmission- 
torque convertor designs. 


DIRECT DRIVE: a crankshaft extension 
to meet your special needs. It’s avail- 
able threaded, tapered, splined, special 
diameters and lengths, various keys, 
etc., for close-coupled pumps, genera- 
tors, and many other machines. 


SPEED REGULATION: available in a 
broad range of governor controls, hand- 
operated, remote wire-and-lever con- 
trols; 2-speed agricultural controls (idle 
and load speeds) and special provisions 
to mount controls of your own design. 


FUEL SYSTEMS: gasoline, natural gas 
and LPG (for domestic applications) and 
alcohol, kerosene, and No. 1 fuel oil 
(for export). 


HYDRAULIC POWER: all Wisconsin V4’s 
can be equipped with integrally-mounted 
hydraulic pump. 


ELECTRICAL EQUIPMENT: electric 
starter-generator or starter only avail- 
able for all Wisconsin models, 3 to 56 
hp. Solenoid switches and automatic 
choke, for remote or automatic starting 
are also available. 


SAFETY DEVICES: low oil pressure cut- 
off switch for 2- and 4-cyl. engines, and 
high temperature safety switch for all 
models. 


MISCELLANEOUS ACCESSORIES: auto- 
motive and spark-arresting mufflers, 
pre-cleaners, drive pulleys for flywheel, 
and rewind starters for ACN and BKN 
engines. 
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Do you want to see over-all devel- 
opment time and costs drop to 
management-applauding levels? 
Then consult Wisconsin early in 
your power-plant design stages. 


Wisconsin’s unique custom-engi- 
neered service provides these two 
reasons why: 


First, its unequalled range of op- 


tions — covering basic specifica- 
tions, accessory groupings, and 
drive variations — permits modi- 


fication of any production-model 
engine to meet most installation 
requirements precisely and eco- 
nomically. 


Second, for tougher re-design 
problems, its engineering counsel 
draws on more than 60 years of 
engine specialization to build the 
perfect partnership between your 
needs and time-tested features of 
Wisconsin reliability. 

So, if you have a new engine-pow- 
ered machine on your board, it will 
pay you to call Wisconsin in the 
early stages of planning. Send for 
Bulletin S-249 giving technical 
details on the complete heavy-duty 
air-cooled line — 3 to 56 hp. Write 
Dept. O-20. 


WISCONSIN MOTOR 
CORPORATION 


MILWAUKEE 46, WISCONSIN 


World's Largest Builders of 
Heavy-Duty Air-Cooled Engines 
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New tractor with Hi-Torque brakes 
stops 200,000-pound load short 


Clark Equipment Company chose B.F.Goodrich Hi-Torque brakes 


when they designed their ACT-225 model jet towing tractor — 
and for a good reason. BFG Hi-Torque brakes provide the extra 


braking capacity needed for handling today’s big jets. 


This Delta Air Lines DC-8, for example, weighs approximately 
120,000 pounds empty, 300,000 pounds fully loaded. And it 
costs over 5 million dollars—a big investment to protect during 
swift ground handling operations. The Hi-Torque brakes, on all 
four wheels, provide full circle contact with the drums, for a total 
of 720 square inches of braking surface. Result— up to double 


the braking power ol conventional brakes. 


On all types of heavy-duty vehicles, Hi-Torque brakes give 
added capacity for shorter, safer stops. Investigate Hi-Torque 
brakes for your equipment: available in sizes from 1714” x 4” to 
26” x 7”. Brakes can be operated by either air-over- hydraulic 
or direct-hydraulic actuation. Call or write B. F.Goodrich Aviation 
Products, a division of The B. F. Goodrich Company, Department 
SJ-5, Troy, Ohio. 
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Full circle contact with drum is provided by Hi-Torque 
brake. Increased effective braking surface with uniform drum 
pressure stops vehicles twice as fast as conventional brakes. 


brakes 
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EASTMAN 
designs complete 
hydraulic operation 
for SCHRAMM 
Rotadrill 


Valves mounted in three convenient banks for each outrigger, 
forward and reverse rotation of motor, slow down 
speed, rapid down speed and for breakout cylinder. 


ii 


PERMANENTLY ATTACHED COUPLINGS 
for 1, 2, and 3 wire braid rubber cover hose 


The cooperation of EASTMAN Engineering was enlisted in making the 
operation of this truck-mounted Schramm Rotadrill completely hydraulic. 


Hydraulic power is delivered through EASTMAN Hydraulic Hose 
Assemblies to: 
1. Three-Speed Reversible Rotation Head: Standard speeds—44, 65 and 
120 r.p.m. with 26,500 inch pounds torque. 2. Cylinders controlling down 
feed, rapid feed and slow feed. 3. Controls for raising and lowering of mast. 
4. Breakout Cylinder. 5. Hydraulic Winch and Hook. 6. Three Outriggers. 


f= 


REUSABLE COUPLINGS 
for fabric cover hose 


ie 


REUSABLE COUPLINGS 
for rubber cover hose 


CLAMP COUPLINGS 
for 1, 2, and 3 wire braid rubber cover hose 


Dependable field service is assured through EASTMAN Two-Wire 
Braid High Pressure Hose with Permanently Attached Couplings 
providing a bond stronger than the hose itself. 


Efficient power delivery through the extensive, multiple circuits of this 
rock-drilling rig is obtained through EASTMAN designed permanently 
attached hose assemblies which insure longer life and lower cost. 


ENGINEERED FOR ENGINEERS BY ENGINEERS 
Let EASTMAN Engineering assist you in planning the initial layout of 
your hydraulic system—for most efficient power delivery and lowest cost. 


E tm. MANUFACTURING COMPANY 
Dept. SAE-5, MANITOWOC, WISCONSIN 
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Write today for 
Bulletin 160 and 
200 on EASTMAN 
High, Medium and 
Low Pressure 
Hydraulic Hose 
Assemblies, 
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Corrodkote™ and Cass® tests of MeT “Duplex Chromium” 


show that increased plate thickness enables 


bright trim to stay bright. 


At last the automotive industry has the means 
to maintain the gleaming appearance of bright- 
work through years of exposure to moisture, 
'slush, salt air and industrial atmospheres 
Thicker chromium does it. M&T “Duplex Chro- 
mium,” plated long enough to deposit sufficient 
thickness, can make all the difference... give 
the ultimate in results. 

3yv every modern test, M&T “Duplex Chro- 
mium”’ has clearly demonstrated its superior- 
itv. CASS tests on steel and zinc die cast panels 
show that corrosion resistance is multiplied 
many times over. Corrodkote tests also confirm 
a 5 to 10 times increase in durability. Initial 
results of 2-year outdoor exposure of thicker 
chromium to Detroit atmospheres suggest the 
same pattern of protection. 

You'll do more to prolong life of the bright 
finish by plating thicker ‘“‘Duplex Chromium” 
than with any other change in plating specifica- 
tions. A minimum chromium thickness of 50 
millionths of an inch works a dramatic im- 
provement. 100 millionths works wonders. 


plating products . 


coatings > 


metals + 


For plating thicker chromium, Unichrome 
SRHS® Chromium baths offer substantial 
operating advantages ... such as higher speed, 
self regulation, and better coverage in recesses. 
More important, they offer the only ‘way to 
get the right type of deposit. M&T “Duplex 
Chromium” combines two deposits from these 
baths. One layer is crack-free to block entry 
of corrosives to underlying metal; and to give 
better distribution of the plate so that recesses, 
too, get ample thickness with no grayness or 
burning at edges. The other layer has an ex- 
tremely fine crack-pattern to avoid localized 
corrosion experienced at tiny surface defects 
in zine die castings. 

Existing production equipment of sufficient 
capacity can be used with minor modifications. 
Send for technical data; or for an M&T plating 
engineer to survey your plant requirements. 
1) Corrodkote test: a standard, uniform, highly corrosive siurry is applied 


on test piece, which is then placed in non-condensing humidity cab- 
net. Each cycle is 16 hours 


2) CASS test: copper-accelerated acetic acid salt spray 


welding products 


chemicals 


METAL & THERMIT CORPORATION, General Offices: Rahway, New Jersey 





ated steel panels above underwent 135 Same thing happens with zinc die cast panels in 4 cycles 

ng. Both had identical undercoats of of Corrodkote testing. One corrodes badly compared to the 

2r and 1.0 mil of nickel. Yet one rusted other. Why? Same reason. Both panels had identical under 

t. Why? Because the left panel had only coats, but left one had only 10 millionths of an inch ordinary 

onths of an inch ordinary chromium plate while chromium, while the right one had 50 millionths of MaT 
nel had 50 millionths MaT ‘‘Duplex Chromium Duplex Chromium.” 


Graph below indicates how corrosion resistance increases Graph below shows that in Corrodkote testing, too, the 
with chromium plate thickness The thicker the chromium thicker the-chromium, the longer will it keep its appearance 
the more CASS test hours it can take near the perfect mark of 10 on the ASTM durability scale 





HOURS 











CASS TEST 
ASTM CORROSION 
RESISTANCE RATING 


200 mithonths ( 15 
Duplex 


one CORRODKOTE TEST CYCLES 
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Trucks and buses get lower cost per 
mile from American Brakeblok. So, 
make it original equipment on your 
vehicles and win friends. Top quality, 


heavy duty. 


DIVISION OF AMERICAN BRAKE SHOE CO. 


AMERICAN BRAKEBLOK | 
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fatigueless steering . . . Ross variable-ratio steer- 
ing is at its best! 

Ross variable-ratio—faster steering and 
quicker recovery for turns, and slower steering 
and greater stability for straight-ahead han- 


Hk: 


TOriginated and developed by Ross 






a se dling —has been adopted by 31 of today’s 
leading vehicle manufacturers. Ross invites 
your inquiry. 


STEERING 


COPYRIGHT, 1960 


ROSS GEAR AND TOOL COMPANY, INC. - LAFAYETTE, INDIANA 
Gemmer Division «+ Detroit 
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No matter how special your needs... 


It pays to put your braking 


problems up to Bendix! 


Braking means Bendix to vehicle design engineers. Their confidence in 
Bendix is evidenced by our current production schedules for more than 
400 different automotive brakes. § In four decades of close and continu- 
ing association with vehicle manufacturers, Bendix has made many major 
contributions— four-wheel brakes, Duo-Servo”® braking, automatic brake 
adjusters, power braking . . . to name just a few. Today’s high-horsepower 
engines and expressway speeds call for even greater braking safety and 
dependability—and Bendix has the answers! § To insure delivery of 
highest quality braking equipment, we conduct more brake pre-testing 
than anyone else in the world. Both in scientific laboratory work and 
exhaustive, over-the-road testing, we thoroughly check out all brake 
designs before they are OK’d for production. § Bring your braking 
problems to Bendix—largest single manufacturer of braking equipment 
in the world. Our Customer Application Engineers are ready to work 
with you at any time. Call on them for information and advice. 








BRAKE HEADQUARTERS <4 we; 


bP OF THE WORLD 


Bendix fiv7scx South Bend, inp. 
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REPUBLIC HIGH-PERFORMANCE PRODUCTS 
FOR DESIGNERS AND ENGINEERS 


REPUBLIC HS6460 HIGH STRENGTH POWDER. This soft, alloy powder can be used to 
design and produce higher strength structural parts than ever before achieved with ferrous 
powders. And, at lower manufacturing costs than obtainable with copper infiltration. 
HS6460 is capable of a minimum tensile strength of 60,000 psi at 6.4 density as sintered— 


100,000 psi after heat treatment. Excellent carbon compatibility enhances its ability to be 
heat treated. Chemical composition, physical properties, and test evaluations on HS6460 are 
contained in Booklet ADV. 1028. Mail the coupon for your free copy. 





REPUBLIC ELECTRUNITE” MECHANICAL TUBING was selected 
as the optimum design material for rotor shafts in scroll- 
type blowers manufactured by Buffalo Forge Company. 
ELECTRUNITE shafts—in sizes 3” to 3%” O.D., 8-gage—are 
bored at each end and a bearing plug inserted. True 
concentricity of ELECTRUNITE eliminates the need for surface 
machining . . . assures careful balance and high operating 
efficiency at speeds up to 2300 rpm. ELECTRUNITE uniformly 
requires only .015 stock removal from tube ends for posi- 
tioning of bearing plugs. Mail the coupon for more data on 
ELECTRUNITE Mechanical Tubing, carbon or stainless steel. 


REPUBLIC NYLOK® SELF-LOCKING FASTENERS provide a 
single-unit answer to vibration, shock, and tension. A 
permanent nylon insert forces mating threads together for 
maximum holding power in any position. The relatively 
inert nylon resists age and moisture—is unaffected by 
temperature extremes; its natural resiliency permits easy 
adjustment and repeated use. Republic Nylok Fasteners are 
non-galling and require no lubricants. Send coupon for 
descriptive literature; specify bolts or nuts, or both. 


SEDO DST et EL OLEE Eel 
AAA 


LAA AAA AAR " 


x 


Fee rTT TIT 


Adddabaaaaaae 


REPUBLIC HIGH STRENGTH STEELS eliminate excessive weight 
. add toughness, resistance to abrasion and corrosion. 
When mobile equipment is designed and engineered to take 
full advantage of Republic High Strength Steels, weight 
savings up to 50% are possible, with no sacrifice of 
performance or safety. High Strength Steels are produced 
by Republic in four types—"M", "50", "65", "70" —with 
minimum yield strengths ranging from 50,000 psi to 70,000 
psi, and tensile strengths from 75,000 psi to 90,000 psi. . 
Available in a wide range of sizes in bars, plates, sheets, 


strip. Mail coupon for literature. R é - U B L ! C 45 T b tr L 
of Stlwdlard, St0ols andl Stak Ppedluo 


Visit Us At The Design Engineering Show, 
Booth 2131, New York Coliseum, May 23-26. 


REPUBLIC STEEL CORPORATION 
DEPT. SA -9356 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Send more information on: 

O HS6460 High Strength Powder O Nylok Fasteners 
O ELECTRUNITE Tubing © Carbon (OQ Stainless 

O High Strength Steels OOM” QO) “50” 0D “65” & “70” 
Rei ais eiesccrinicinitiegrinciccnicancepentantilesn paddies eee 

Company 

Address 


City. 
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NEW ONE-OF-A-KIND MICROGRAPH 
draws pictures for bearing research 


This greatly magnified stylus is drawing a picture of the 
microscopic imperfections in a bearing raceway . . . measur- 
ing each one to within a few millionths of an inch. The 
picture-on-tape which comes out of this specially modified 
micrological instrument is an important tool in BCA’s re- 
search on ball bearing performance. 

This is just one of the precision instruments in the Tempera- 
ture-Humidity-Controlled Instrumentation Room which is 
the center of BCA research on bearings. The result of this 
program is revealed in on-the-job performance of BCA bear- 
ings. They roll dependably under heavy loads and all kinds 
of adverse conditions. 


New testing facilities at the BCA laboratories also include 
specially designed equipment, often identical with equipment 


BEARINGS COMPANY aR 
OF AMERICA 


in customers’ plants. Here, BCA bearings are tested to exceed 
customer specifications under the exact operating conditions 
experienced by the customer! 


BCA ball bearings are standard original equipment. . . re- 
placement, too . . . for nearly every kind of industry. For 
example, automotive, earth moving, agricultural and machine 
tools. The wide line of ball bearing sizes and types, plus 
BCA’s research and extensive new testing facilities, pays off 
for bearing users. Consider the performance record of BCA 
ball bearings the next time you purchase or specify bearings. 
For more information, or for assistance with vaammee/ 
bearings problems, contact Bearings Company of 7 
America, Division of Federal- Mogul- Bower Bear- 

ings, Inc., Lancaster, Pa. 


DIVISION OF 
FEDERAL-MOGUL-BOWER 
BEARINGS, INC. 
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WHAT’S NEWS IN RUBBER 


-ENJAY DELIVERS 
1,000,000" 


LONG TON OF BUTYL! 


PRODUCTION FACILITIES INCREASED TO 


MEET CONSTANTLY GROWING DEMAND 


There have been many elastomers developed since 
the first commercial ton of Butyl was used in 1943, 
but no other rubber, synthetic or natural, offers so 
many outstanding properties for so many appli- 
cations. 

Plant expansion plans announced recently will 


increase butyl production capacity some 50 percent 
by 1961 and, at today’s rate of consumption, the 
two million-ton mark will be reached within the 
next six or seven years. Two new additions to 
the buty! product line, Chlorobutyl and Buty] Latex, 
will soon be available in commercial quantities. 


VERSATILE ENJAY BUTYL’S OUTSTANDING PROPERTIES MAKE IT 
SUPERIOR TO OTHER RUBBERS FOR MANY APPLICATIONS. SOME ADVANTAGES: 


@ RESISTS TEAR AND ABRASION 
... used in the new and revolu- 
tionary all-buty! tire. 


HAS WIDE RANGE OF DYNAMIC PROPERTIES 
... used in over 100 applications 
on the modern automobile 


@ STANDS UP AT HIGH TEMPERATURE 
. used in steam hose and tire 
curing bladders 


@ IS IMPERMEABLE TO GASES 
... used in virtually all rubber 
air-holding applications 


@ WITHSTANDS EXPOSURE TO SUN AND 

WEATHER __. used in irrigation pipe 
and roof coatings. 
Want to find out fast, how versa- 
tile Butyl can improve your 
product ? Call or write the nearest 
Enjay office. 


@ DISPLAYS OUTSTANDING CHEMICAL 


@ HAS EXCELLENT ELECTRICAL PROPERTIES 
... used in high voltage cable 
insulation 


RESISTANCE | used for the storage 
and shipment of many chemical 
and commodity products 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY COMPANY, INC. 
15 West 51st Street, New York 19, N.Y. 


Akron + Boston « Charlotte + Chicago « Detroit * Los Angeles « New Orleans + Tulsa + 
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working with 


Du Pont Alathon’ 


polyethylene resins 


one of Du Pont’s versatile 
engineering materials 


LOWER COST, LONGER WEAR: Her 


Using ALATHON for automobile parts 


saves time... 


saves money 


A variety of economical automo- 
tive applications utilize the excel- 
lent properties of the Du Pont 
ALATHON polyethylene resins. 
Components of ALATHON resist 
chemicals, grease and water. Com- 
pression fits required for plugs uti- 
lize the resilience and flexibility of 
ALATHON. Asa film, orinits molded 
or extruded forms, ALATHON pro- 


vides top performance; helps effect 
economies in the assembly line. 
ALATHON polyethylene resins are 
useful in many applications. To 
find out more about how Du Pont 
ALATHON(orany of Du Pont’s other 
versatile engineering materials) 
may help you, fill in and mail the 
coupon on the following page. 
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FLEXIBLE, STRONG cable amy 
ALATHON save installation tin 


t vibration. chemica 


DURABLE, SHOCKPROOF body-! 


of ALATHON do r 14 


INEXPENSIVE temporary closures of POLYCHEMICALS DEPARTMENT 
ALATHON seal out dust and dirt on air- 


conditioning tubing, carburetors, etc., 
prior to installation and use. (Molded by 
Protective Closures Corp., Buffalo, N. Y.) 


ALATHON® polyethylene resins 


one of Du Pont's versatile engineering materia/s 


Delrin*® Lucite” Zytel* 


acetal resins acrylic resins nylon resins 
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S FOR BETTER LIVING THROUGH CHEMISTRY 


E. I. du Pont de Nemours & Co. (Inc.), Dept. JJ-5, 
Room 2507A, Nemours Bldg., Wilmington 98, Del. 
Please send me information on the following: 


(1) ALATHON® O DELRIN® CO) LUCITE® O ZYTEL® 
Name 

a 

Street 

CI i assis ean 


In Canada: Du Pont of Canada Limited, P. O. Box 660, Montreal, Quebec. 
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TAILOR YOUR TRUCKS 


1106991 EXTRA-OUTPUT D.C. GENERATOR— 12 volts 
e 55 amperes @ 12 amperes at idle—For cross-country 
trucks, school buses and other vehicles with extra electrical 
equipment. 








AMPERES OUTPUT 





GENERATOR SPEED, RPM 


1117070 SELF-RECTIFYING A.C. GENERATOR—12 
volts ¢ 60 amperes @ 27 amperes at idle—For high-duty 
vehicles with heavy electrical loads . . . operating at all 
speed ranges. Ideal for excessive low-speed operation and 
curb-idling. 
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GENERATOR SPEED, RPM 


1106985 EXTRA-OUTPUT D.C. GENERATOR — 12 volts 
e 50 amperes e 14 amperes at idle—Short frame generator 
for difficult mounting applications. For vehicles in city and 
suburban use. Not for cross-country operation. 








AMPERES OUTPUT 











4000 
GENERATOR SPEED, RPM 
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TO JOB CONDITIONS 


1106986 EXTRA-OUTPUT D.C. GENERATOR~— 12 volts 
e 50 amperes @ 20 amperes at idle—For metropolitan trucks 
and school buses, with extra electrical equipment .. . 
operating at low speeds and with engine idling most of 
the time. 


AMPERES OUTPUT 


2000 3000 4000 5000 6000 


GENERATOR SPEED, RPM 


1117115 SELF-RECTIFYING A.C. GENERATOR—12 
volts e 105 amperes e 10 amperes at idle—For high-duty 
vehicles with extra-heavy electrical loads . . . operating at 
all speeds. A.C. voltage available for 110 V conversion. 
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GENERATOR SPEED, RPM 


Delco-Remy offers a complete line of D.C. and 
A.C.D.C. generators that are right for the job. 


Demands on the electrical systems of trucks vary with 
their use. For best performance, whether the vehicles 
be new or already in service, the electrical equipment 
should be job-matched to meet those demands. 


Do your trucks have extra electrical equipment? Operate 
cross-country, around town or off the road? Do they 
travel at sustained highway speeds, or with plenty of 
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stop and go? Whatever their assignment, there are 
Delco-Remy extra-output generators and regulators 
job-matched to meet the electric power needs exactly. 


Delco -Remy ELECTRICAL SYSTEMS 
FROM THE HIGHWAY TO THE STARS 
AY DIVISION OF GENERAL MOTORS e ANDERSON, INDIANA 
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Proving ground 


for 
AUTOMOTIVE 


CHEMICALS 


It starts with a phone call... 


or an exchange of ideas through the mail. 


Then two men meet and start working together. One is an automotive 
engineer, the other a development chemist in Dow’s Automotive Chem- 
icals Laboratories. Their common interest is an advanced automotive 
design feature—one in which an equally advanced product of automotive 
chemistry will play an important role. In the area of cooling systems, 
for example, several new developments loom on the horizon... 


EBULLIENT COOLING PROMISES CLOSED 
SYSTEM, FEWER WORKING PARTS 


Originally proposed for vehicle 
use back in the 1920's, the prin- 
ciple of ebullient cooling was 
tempting; but a workable system 
was stymied for reasons which 
today are obsolete, such as the 
lack of an efficient coolant. To- 
day, automotive engineers and 
Dow research chemists with new 
coolants are taking a closer look. 


Ebullient, or “vapor phase” cooling 
is based on the principle of cooling by 
boiling. Highly simplified, the liquid 
coolant in the engine block is “boiled 
out” and passed to the radiator as a 
vapor. There it is condensed to a liquid 
and returned to the engine. Thus, heat 
is absorbed by vaporization, rather than 
by the sensible heat of the coolant. 
Ebullient cooling eliminates the ther- 
mostats and the water pumps of the 


conventional system, and most impor- 

tant of all, it may be a giant step toward 

the goal of all cooling system engineers 
a sealed cooling system! 


Ebullient vs. Conventional 


At Dow’s Automotive Chemicals Lab- 
oratories, preliminary tests have been 
conducted on a passenger automobile 
matching an ebullient cooling system 


Recording temperatures of engine parts in ebullient cooling research. 
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and a conventional system. The heat 
transfer coefficients in the valve and 
cylinder wall areas for the ebullient 
system were found to be two to three 
times higher than for the conventional 
cooling system! 

Automotive cooling systems have al- 
ways been a subject of intense study by 
Dow’s automotive development staff. 
Dow is a basic producer of ethylene 
glycol coolants, and through the years 
Dow corrosion engineers screened many 
corrosion inhibitor combinations for one 
that could be used in all sections of the 
country. Since the main offenders in a 
cooling system are water impurities and 
their variants, it was decided to formu- 
late a totally compounded fluid to elim- 
inate the need to add water to the radi- 
ator. Thus, after a series of exhaustive 
performance tests, came DOWGARD*, the 
world’s first year ‘round cooling system 
fluid. A blend of a completely new 
combination of 
and specially treated de-ionized water, 
DOWGARD gives superior protection to 
metals — including 


protective chemicals, 


all cooling system 


aluminum! *Trademark 


NaOH: Workhorse in 
new flake form 


The announcement that Dow has in- 
troduced a greatly improved new flake 
form of caustic soda . . . offering higher 
Na,O content, and virtual dustlessness 


New ground caustic flake 

is virtually dustless. 
has been welcome news to the auto- 
motive industry. In many automotive 
plants, fast-acting formulations contain- 
ing Dow caustic soda serve as metal 
cleaners, paint strippers, and waste dis- 
posal aids. Quick, dependable supplies 
of Dow caustic soda are available in 
all six forms: 50% and 73% solutions, 
as well as solid, flake, “%4-inch flake, 
ground flake. 
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Testing polyurethane foam for dynamic flexing. 


POLYGLYCOLS: from where you sit 


In a driver’s seat, resiliency, rigidity, 
and tensile strength are requirements 
for safe, comfortable driving. In the Dow 
Automotive Chemicals Laboratories, 
these are requirements for Voranol*, 
Dow resin-grade polyglycols used to 
make polyurethane foam seat cushions. 
Like tue coolants, additives, and fluids 
that go under the hood, they were sub- 


The many faces of amine 


Another versatile “soldier” in Dow’s 
array of automotive chemicals, the 
amines serve the automotive industry 
as ethanolamine soaps, combined with 
soluble oils, for lubricating and cooling 
cutting tools triethanolamine has 
been used as an anti-corrosion additive 
in antifreeze solutions and hydraulic 
brake fluid formulations . . . automo- 
tive polishes are based on ethanolamine 
derivatives and amines are also 
used as acid neutralizers in oil filters. 
In short, the amines are one of the 
vital links in the chain between the 
automotive industry and Dow automo- 
tive chemicals research. 


jected to the same exhaustive research 

. are subject to the same high-purity 
requirements in Dow’s automotive 
chemicals labs. And someday, you may 
see entire seat assemblies formed of 
this soft, yet tough material. Or in 
denser form, they may even be used to 
make pneumatic tires with a service life 
of several hundred thousand miles. 


*Trademark 


Coolant solutions subjected to 
a battery of corrosion tests. 


@ INFORMATION, PLEASE: If you'd like more information 
on the above activities, or any area of Dow's automotive re- 
search, please write us. A member of our technical staff will 
give your inquiry prompt attention. Write: THE DOW CHEMICAL 
COMPANY, Midland, Michigan, Chemicals Merchandising 
Department 401ENS5; or contact a Dow sales office near you. 


See “‘The Dow Hour of Great Mysteries’’ on NBC-TV 


THE DOW CHEMICAL COMPANY 
Midland, Michigan 





There are several forms of heat- 
treatment commonly employed in 
the processing of alloy steels. Each 
in its own way modifies the mechan- 
ical properties and structures of 
steel, and each is chosen with a 
definite objective in mind. The five 
usual forms of treatment are nor- 
malizing, annealing, spheroidize- 
annealing, quenching and tempering, 
and stress-relieving. 

In this particular discussion, let 
us consider briefly the purposes and 
effects of normalizing. 

Normalizing is an operation in 
which the steel is heated to approx- 
imately 100 deg F above the upper 
transformation range, then cooled 
in still or agitated air. The basic 
purpose is to refine the prior struc- 
ture produced by variations in fin- 
ishing temperatures encountered in 
rolling or forging. The structure 
resulting from normalizing, being 
more uniform, will help create im- 
proved mechanical properties when 
the steel is subsequently reheated, 
liquid-quenched, and tempered. 

There are times when large steel 
parts (heavy forgings, for example) 
cannot be liquid-quenched because 
of their size. In cases of this nature, 
the heat-treatment must consist of 
single or multiple normalizing fol- 
lowed by tempering. 

High-temperature normalizing is 
sometimes used for grain-coarsening 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


BETHLEHEM STEEL 


KNOW YOUR ALLOY STEELS... 


This is one of a series of advertisements dealing with 
basic facts about alloy steels. Though much of the informa- 
tion is elementary, we believe it will be of interest to many 
in this field, including men of broad experience who may 
find it useful to review fundamentals from time to time. 


low-carbon alloy steels to promote 
machinability. (In high-temperature 
normalizing, steel is heated to more 
than 100 deg F above the upper 
transformation range.) At times it 
‘Ss possible to machine a steel in the 
air-cooled condition, the governing 
factor being the alloy content. How- 
ever, the highly alloyed analyses 
may require annealing or tempering 
after normalizing, to decrease the 
hardness. 


It is essential, when normalizing 
is employed, that free circulation of 
still or agitated air be provided. 
When air-cooling of individual bars 
or forgings is not practicable, the 
furnace charge should provide for 
some means of separation, such as 
racks or spacers. 

If you would care to know more 
about normalizing, or any other 
phase of heat-treating, you are in- 
vited to consult with Bethlehem 
metallurgists. They are always glad 
to give you any help you need. 

And remember that Bethlehem 
makes the full range of AISI stand- 
ard alloy steels, as well as special- 
analysis steels and all carbon grades. 


This series of alloy steel advertise- 
ments is now available as a compact 
booklet, ‘“‘Quick Facts about Alloy 
Steels.’’ If you would like a free 
copy, please address your request to 
Publications Department, Bethlehem 
Steel Company, Bethlehem, Pa. 


Export Distributor: Bethlehem Steel Export Corporation 


mn oy 
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Want to Convert Rotary 
Motion into Linear’? 


The 
EATON 


OVERRUNNING 
BALL-SCREW 


may be your answer 


The Eaton Overrunning Ball-Screw is a simple, versa- SOME 
tile mechanism that converts rotary motion into linear. POSSIBLE APPLICATIONS 


In such basic applications as actuators for opening 
s 1d ; ; Window Lifts 
doors and windows, and positioners of various kinds 
‘ : . Seat Actuators 
this device offers the designer many advantages: 


Trunk lid lifts 
@ Nut stops at end of travel, and overruns without Die table positioners 


jamming Door controls 


Convertible top lifts 


® No limit switches ti-stall devices are required 
imit switc or anti-stall dev equi Ghety Aaebinwe 


® High mechanical efficiencies reduce power requirement Speed control devices 


Mechanical toys 


® Can be installed in inaccessible or sealed-in locations . ‘ 
Business machines 


for remote control operation 
Surgical and hospital 


. : ° i t 
® Permits compact, space-saving assemblies Te 


The Eaton Overrunning Ball-Screw may be adapted to 


an almost endless number of applications. Send for 





illustrated descriptive literature. 


————— SAGINAW DIVISION —— 
EAT ON MANUFACTURING COMPANY 
9771 FRENCH ROAD «+ DETROIT 13, MICHIGAN 
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From beginning to end... ad a Letween...\PC controls quality 
in manufacturing OIL SEALS... PACKINGS... PRECISION MOLDING 


its’ | 

















ALPHA 


Print File 
IPC 


“CUSTOM” 
DESIGN 


C3 


SAMPLING OF 
TRIM OPERATORS 
WORK 












QC 2 


Print File 












SAMPLING OF 
MOLDED PARTS 










QC 1 Qc 4 

























Print File int Fi 
INSPECTION cuir 
OF INCOMING MOLD cunssirication OF 
MATERIALS INSPECTION FINISHED LOTS 


Print File 
DIMENSIONAL 
AND VISUAL 
INSPECTION 












e.. 


LABORATORIES 


Print File 
























METAL 















CONTROL TESTING OF INSPECTION TO 
LEATHER AND STAMPING CUSTOMER AQL 


SYNTHETIC RUBBER 






SAMPLE INSPECTION 
FOR DIMENSIONAL 
CHARACTERISTICS 










OMEGA 


SHIPPING 


Pr 


HERE’S HOW... 
PRINT FILES anpb 
QC STATIONS 













[xh 





Final “Print Files” for every product de- | committed to shipment. 
rd veloped or accepted for manufacture by IPC’s reputation for quality is no mere 
Za ad IPCs a located throughout coincidence. It’s the planned cornerstone 
the entire IPC plant. These provide a f lati Ww 
sitive, at-hand reference for product Se ee ee ee ae 
nine humans will, but we've reduced the in- 
More than this . . . IPC maintains Q C cidence of error to an absolute minimum. 
Try us ... or better yet arrange to visit 


on eh (Quality Control) stations at strategic 
locations in the manufaeturing line our plant. We'll be happy to show you 


os through which every batch of manufac- how IPC Quality Control benefits Amer- 


PRECISION MOLDING = : 
Custom designed tes tured parts MUST pass before they are ica’s most critical manufacturers. 
your application. 


ANTERNATIONAL PACKINGS <orroxation 
7 Bristol, New Hampshire P-3 
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stainless steel 


No other metal has the strength, beauty and 
versatile qualities that serve you so well today 


and promise so much for tomorrow. 


There is nothing 
like stainless steel 
for AUTOMOBILES 





’ ’ S . 
McLouth Steel Corporation, (+ 
Detroit 17, Michigan eh 
Manufacturers of high quality — 
. f cageinrt of gh oe ue Look for the STEELMARK 
Stainless and Carbon Steels on the products you buy 


MICLOUTH STAINLESS STEEL 











HIGHER CURRENT THAN EVER BEFORE FOR MILITARY AND COMMERCIAL USE 


























T anisi | 2n1519 | 2N1520] 2N1521 | 2N1522 | 2N1523 A new family of high current transis- 
r . T T T t + — 1 tors featuring the 50-ampere 2N1522 
‘ : 1 | ¢ and 2N1523. Two 25- and two 35- 
Maximum Collector Current (Amps.)| 25 25 35 35 50 50 z : 
ampere types round out the line. All 
f T T Ty | ] | ] thoroughly tested and completely re- 
——— — ae Volts 50 3 | 50 80 50 | 80 liable. Available in production quanti- 
mitter Upen, Max ico 4ma ties. Call or write your nearest Delco 
= T war ——T T T Radio sales office for full product in- 
| Minimum Open Base Volts 0 f é ) 
| { | ormation and applications assistance, 
| a Amp. Sweep Method) | “0 60 40 60 40 60 " PF , 
} —$ $$ ff} —________+_____+ ——E 
Maximum Saturation Volts at 7 - 
Maximum Collector Current 0.7 0.7 0.6 0.6 0.5 0.5 re i ( O 
b ae + + wanna } } + — 
| 
Gain at Ic at 15 Amps 15-40 15-40 17-35 17-35 22-45 22-45 
commen ro ADIO 
Minimum Gain at Maximum ' ; : 
) , 9 ? ? 
Collector Current le 1 le l le | I | SLIACILIT¥ 
——___—__—— + + + + + - 
Thermal Resistance Junction 
8 8 
to Mounting Base (°C/Watt) 0.8 0.8 | 0 L 0 | 0.8 0.8 Division of Genera! Motors 
| a fie amend - | — Kokomo, Indiana 





Characteristics at 25°C Maximum Junction Temperature 95°C 


Newark, New Jersey Chicago, Illinois Santa Monica, California Detroit, Michigan 
1180 Raymond Boulevard 5750 West 51st Street 726 Santa Monica Boulevard 57 Harper Avenue 
Tel: Mitchell 2-6165 Tel: Portsmouth 7-3500 Tel: Exbrook 3-1465 Tel: TRinity 3-6560 
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14 WAYS THE SU LICGOW SS WAVY Was HELPED 


AMERICA’S MOBILE MILLIONS 


. 
a are now used to improve the quality, durability 
and operation of many of today’s automobile parts. They 
also aid in many production processes. Tires slip 

&> easily from intricate molds coated with silicone 
release agents. So do rubber floor mats and radiator hose. 
Silicones are used to make shell molds —{*iwdiRht4 
for crankshafts, camshafts, valves. Damped with silicone 
fluid, dashboard =) instrument needles stay steady 
over bumps. Silicone rubber sparkplug boots resist water, 
ozone, high heat for tens of thousands of miles longer. 

<= Electrically conductive silicone rubber ignition 
wire cores can reduce car radio interference. Silicone 
fluids save power by cutting out the radiator fan at high 
speeds. & = The actual foaming of polyether cushion- 
ing used in seats, arm rests and crash pads is closely 
controlled by silicone surfactants. Curiously, silicones 
also prevent foaming of rubber latex used for carpet back- 


Unlocking the secrets of silicones 
Rubber, Monomers, Resins, Oils and Emulsions 


The term “Union Carbide"’ is a registered trade-mark of UCC. In Canada: 


Bakelite Company, Division of Union Carbide Canada Limited, Toronto 7, Ontario 
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ing. Beneath many cars, silicone rubber gaskets seal in 
hot transmission fluids, and prevent leakage of oil from 
differentials. Outside your car, silicones are the leveling 
agents for acrylic lacquer. They’re all-weather 

lubricants for weatherstripping, giving longer wear and 
better moisture resistance. And they’re the vital ingredi- 
quick and easy to 
apply and polish. All this for just one industry. Is your 


ents that make car waxes ¢— 
business getting the most out of silicones? If not, call the 
UNION CARBIDE Silicones Man. Silicones Division, Dept. 
EK-0001, Union Carbide Corporation, 270 Park Avenue. 
New York 17, N. Y. 






UNION 


rN: 1:111) 4 CILICONES 
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Garlock Inc. becomes the new name for 
The Garlock Packing Company, Palmyra, 
N. Y., to reflect more accurately its broad 
diversification of products and markets. 


Originally established to manufacture 
mechanical packings, Garlock now 
produces over 2,000 different styles of 
packings, gaskets, seals, molded and 
extruded rubber and plastic products 
for every major industry. 


The new corporate name, Garlock Inc., 
more closely identifies this 73-year-old 
company with the growth and develop- 
AN NOU NCING A ment of its product lines. Today, 
industry goes to Garlock for such widely 
NEW COR PORATE NAME diversified products as: 
Hydraulic-Pneumatic Packings 
Oil and Grease Seals 


for The Garlock Packing Gasketing and Expansion Joints 
Braided Packings 
Company Molded and Extruded Rubber 
Parts 
Plastic Stock Shapes and Fabri- 
cated Parts 
Mechanical Seals for Rotating 
Shafts 
Metal Packings 
Leather Packings 
Electronic Components 
Dry Bearing Materials 
e Fluorocarbon Tank Linings 
e Missile and Rocket Components 


To help you in selecting or applying 
these products, Garlock offers the 


services of over 126 thoroughly- 
trained sales engineers, 175 electronic 
component manufacturers’ representa- 
tives, 180 authorized bearing distribu- 
tors and 69 foreign distributors. Con- 
veniently located warehouses and 
stocking points assure Garlock cus- 
tomers of prompt delivery. 


At Garlock Inc., design and development 
of new or improved products and 
materials is an ever-present objective. 
To this end Garlock maintains exten- 
sive research and laboratory-test facili- 
ties. In addition, Garlock engineers 
and chemists are always ready to work 
with you in seeking solutions to tough 
application problems. 


GA RL O KK 


To find out more about “the new 
Garlock,” call the nearest of our 26 
sales offices, or write to Garlock Inc., 
Palmyra, N. Y. To assure prompt atten- 
tion, please refer to Garlock Inc. on all 
future correspondence and orders. 


Canadian Div.: Garlock of Canada Ltd. 


Order from the Garlock 2,000 . . . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded and Extruded 
Rubber, Plastic Products. 


SAE JOURNAL, MAY, 1960 








Molded and Extruded Rubber Parts 


Hydraulic-Pneumatic Packings 


Stereo me lity 





Plastic Stock Shapes “i 
and Fabricated Parts \ 
Oil and Grease Seals 


i i i celal 





Fluorocarbon Tank Linings 





Braided Packings 





Metal Packings 





ete a LM hieeLie1t) 





Gasketing 


Spiral Wound Gaskets 





Dry Bearing Material 





Leather Packings x= 
S s 





Te ice a ell lou uit! 


Missile and Rocket Components 


Neaucatuck PARAcRi ovo xB 


ONE 
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COST YOU LESS POWER 
PER CUBIC FOOT OF AIR 


Trying to stretch your horsepower? Then save 
what you have with an efficient Midland Com- 
pressor. On the test stand or on the track, you'll 
see Midland Air Compressors use less power to 
produce more air—at any speed. Look at the 
valves . . . check operating temperatures . . . and 
you'll see why! 


OF THE 400 


LARGEST 


Don’t take anyone’s word for it! Run a test on 
a Midland Compressor today. We'll be glad to 


furnish samples. 


CER 


OWOSSO DIVISION, 
OWOSSO, MICHIGAN 


MIDLAND-ROSS CORPORATION 


qe 
\ was / 


AMERICAN 
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Naugatuck PARACRIL OZO 


THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 


...tough, oil-proof, weather-proof and colorful, too! 


The samples above should begin to give you some idea 
of the endless color possibilities in ozone-resistant 
rubber products made of new PARACRIL” OZO. Now you 
can give your product color that selis...color that iden- 
tifies for coding wire and cable jacketing...color that 
blends or contrasts...color that works in a hundred 
ways. And you can give your product other superior 
properties, too. 


Along with color, new weather-resistant PARACRIL OZO 
gives you a combination of high abrasion resistance, oil 
resistance, flex life and other valuable rubber properties 
far surpassing conventional weather-resistant rubbers. 

Cast a new eye on the rubber product you make or buy. 
See the difference color makes. See your Naugatuck Chem- 
ical Representative or write the address below for full infor- 
mation on PARACRIL OZO and the advantages it offers. 


Naugatuck Chemical 


Division of United States Rubber Company Nn 


Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals . Reclaimed Rubber - Latices 


Dept. A Elm Street 


augatuck, Connecticut 


CANADA: Naugatuck Chemicals Division, Dominion Rubber Co., Ltd, Eimira, Ontario CABLE: Rubexport, N.Y 





had id ’ none ? ba performance 
and moderate cost... 


Give you more for 
your bearing dollar 


For those hundreds of in-between applications where per- 
formance requirements are more exacting than those provided 
by the ordinary commercial bearing, but where maximum pre- 


cision would be unneeded precision — specify Tru-Rol for the job. 


Tru-Rol Bearings provide above-commercial-grade 
efficiency . . . at worthwhile savings in cost. Internal 
clearances are closely controlled. Rollers are equally 
spaced to eliminate- out-of-balance vibration. Each 
roller is crowned to distribute the load evenly along 
the full length of the roller. Eleven types available in 
single and double width bearings, in stamped steel re- 


tainer, segmented retainer or full roller construction. 


rose your nearby Rollway Service En- 


gineer to detail the quality you should be getting 

Ete VeEN in your “commercial grade” bearings. Or write 

— — yu — TYPES for the Rollway Tru-Rol catalog showing the full 

— — 4 a aWavtw4-e608 line, and capacity and size ranges. ROLLWAY 

Separable | Separable Non-separable Non-separable BEARING COMPANY, INC., Syracuse, N. Y. 


tnner Race Inner Race Bearing Bearing 
MW 1 ALT be y 
‘ i qe: se 


| ty | Ct 
UR-E UR-L LR-U  E-U _UM-B__UM-J BEARINGS 


Separable Separable Separable Separable Non-separable Non-separable 
Outer Race Outer Race inner Race Inner Race Full Roller Full Roller COMPLETE UNE 


| cy 


9F RADIAL AND THRUST CYLINDRICAL ROLLER BEARINGS 
ENGINEERING OFFICES: Syracuse « Chicago «+ Toronto « Cleveland « Seattle « San Francisco * Boston « Detroit « Pittsburgh « Houston « Philadelphia « Los Angeles 
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SILICONE NEWS from Dow Corning 


Seals Hot Oil, 


fh y 


; ; 
CAV 


Leeda 


CULSST]E Keeps Fluid in Place 
Gms at —30 and 350 F 


Here is a rubbery material that resists automotive hydraulic fluid and 
stays springy over a wide temperature range. It’s Silastic, the Dow 
Corning silicone rubber, and it’s doing rugged duty in some new cars. 


' 
: 
i+ 
a 
f 


wat. it Cade chi a 


Automotive engineers designed the dual device shown above. It consists 
of an air compressor and a pump assembly, operating in tandem off the 
same drive shaft . . . one pumping a synthetic hydraulic fluid to the power 
steering system, the other compressing air for pneumatic suspension. 
Obviously, some sort of seal was necessary to prevent fluid from leaking 
along the shaft from the pump into the air compressor. Because of 
possible shaft wobble or misalignment, the seal had to be flexible. 


To solve the problem, they engineered a floating oil seal of Silastic. 
Thanks to the properties of Silastic, this seal works beautifully despite 
rpm’s up to 6,000 and operating temperatures up to 350F. The Silastic 
is also completely flexible at —30 F and is actually suitable for use from 

130 to 500 F. The engineers are so pleased with the field performance 
of Silastic that they’re now considering extending its use to many other 
new product design areas. 


If you have need of such a flexible, durable material, investigate Silastic. 
Your rubber fabricator can engineer a part to your specifications. Or, for 
data, write Dow Corning, Dept. 9105. 

TAS REE ER AL ET ES TS 


If you consider all the 
properties of a silicone rubber, you'll 
specify Silastic. 


Hardness Range, durometer 


Temperature range, F —130 to 
Tensile Strength, psi 
Elongation, % ..... ‘ 150 to 
40 to 


5 to 


Tear Strength, lb/in 

Compression set, % @300F . . 
@450F.. 

20 to 


tays Springy 


Typical Properties of Silastic for Seals 


500 


600 to 1400 


300 
180 


50 
60 
80 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 


ATLANTA BOSTON CHICAGO 
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CLEVELAND 


DALLAS LOS ANGELES NEW YORK 


WASHINGTON, D. Cc. 
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In the VALIANT, as in all 
other CHRYSLER cars, 
MRC Ball Bearings are 
original equipment. 


BALL AND ROLLER 


Marlin-Rockwell Corporation 


Jamestown, N. Y. 
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~HYPALON 


| SYNTHETIC RUBBER 


_.. the best answer to many automotive design problems 


HypaLon synthetic rubber provides qualities not available in conventional elastomers 
for automotive design problems. HypaLon can be compounded to give a completely 
ozone-proof and color-stable elastomer with excellent weather, abrasion, oil and heat 
resistance. 

This unique combination of properties has made Hypaton the choice of many design 
engineers for a variety of automotive applications—ignition cables, spark plug boots, 
coatings for door and deck lid seals, coatings for headliners, replacement convertible 


tops. and for white tire sidewalls. 


Investigate the design advantages of HypaLon. It is currently being used for coating 
fabrics, for molded and extruded goods and for solution coatings in a range of nonstaining 
colors. For more information, call your rubber supplier or write E. I. du Pont de 
Nemours & Co. (Inc.), Elastomer Chemicals Department SAES, Wilmington 98, Delaware. 


SYNTHETIC RUBBER 


NEOPRENE HYPALON® VITON® ADIPRENE®@ 


REG. y, 5. pat. OFF 


Better Things for Better Living... through Chemistry 
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Simplicity of design makes the first cost of 
Purolator’s new dry-type two-stage air filter as low 
as any 2-stage filter on the market. Yet it filters 
better than any other—99.98% efficient. Users save 
money and get better engine protection from this 
new Purolator filter, too. The first stage element 
will last up to 2000 hours, depending on operating 
conditions. The second stage will usually last 
almost indefinitely if the first element and sealing 
gaskets are maintained properly. 

Both elements filter uniformly, in depth, over 
their whole surface, because they're both precision 
made of plastic-impregnated cellulose. Both ele- 
ments are rated from 450 to 1150 cfm, with excep- 
tionally low initial restrictions. Mounting straps, 
rainhoods and outlet adapters are available for field 
installation. The filter comes in all the most-used 
sizes. 

For more information write to Purolator Prod- 


ucts, Inc., Department 3450, Rahway, New Jersey. 


Purolator Products, Inc. 
Dept. 3450, Rahway, New Jersey 


Please send me complete data on the new Purolator two-stage filter series 
Title 


Name 


Company 


<> 
The most efficient, 2-stage air filter today is made ——by PUROLATOR 


oe 





2 
|) meade 
AIR FILTER 












Filtration For Every Known Fluid 











Address 


City Zone State 











PRODUCTS, INC. 


RAHWAY, NEW JERSEY AND TORONTO, CANADA 


| PURQLATOR 
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You'll be 
riding high with 
fast-moving 

Olin Aluminum 


Automakers are riding 
high with aluminum grilles 
and trim—and from Olin 
Aluminum come finishes 
ranging from satin sheen to 
sunburst brilliance. 


Boatmakers enjoy smooth 
sailing with tough, 
corrosion-resistant alloys 
of Olin Aluminum—creating 
lissome pleasure craft 

that stay on the water 

and off the saw horses. 


Commercial trailer and 
mobile home makers find 
that Olin Aluminum delivers the 
goods: extrusions and alloys 
of consummate color consist- 
ency and rugged strength. 


Whatever you make, you get 
primary aluminum and mill 
products in the alloys and 
finishes you need, along 
with the most attentive 
service in the business, 
when you work with your 
local Olin Aluminum repre- 
sentative or distributor. 
Check the Yellow Pages. 
Offices in principal cities. 






Cathe 






LIN 


LUMINUMe 





® 
OLIN MATHIESON + METALS DIVISION +400 PARK AVENUE + NEW YORK 22, NEW YORK 


g 
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Bundyweld is the only 
tubing double-walled 
from a single copper- 
plated steel strip, met- 
allurgically bonded 
through 360° of wall 
contact for amazing 
strength, versatility. 


Bundyweld is light- 
weight, uniformly 
smooth, easily fabri- 
cated. It’s remarkably 
resistant to vibration 
fatigue; has unusually 
high burstingstrength. 
Sizes up to %” O.D. 


There’s almost no limit 
to the things 
Bundy can mass-fabricate 


Maybe your tubing problems don’t run to animal shapes, but it’s likely that 
you can benefit from Bundy’s experience in mass-fabricating complex tubing 
parts. Here’s why: 


Precision bending: Bundy-developed machines turn out parts to exacting 
customer specifications . . . with mass-fabrication savings. 

Great strength: Your component will be fabricated from Bundyweld», the 
copper-brazed steel tubing that’s double-walled from a single steel strip. 
Bundyweld, the tubing standard of the automotive industry, is used in over 
95% of today’s cars. 

Expert design service: You can call on our engineering staff at any time 
to help with the design of your product. We may be able to point out short 
cuts that save you money without compromising engineering standards. 
Covered by Government Spec. MIL-T-3520, Type III. 

Next time you have a tubing problem, better call Bundy first. Phone, write, 
or call Bundy Tubing Company, Detroit 14, Michigan. 





This oil transfer tube illustrates the pre- 

cision with which parts are mass-fabricated 

at Bundy. Two flanges are formed on the 

Bundyweld tube as shown in the diagram. 020 MIN. FLAT 
The opposite end of the tube is held to | ON BOTH FLANGES 
314” with a tolerance of only +.001”. 

Bundyweld double-walled steel tubing has 

the necessary ductility to form this tube, 

plus amazing strength that withstands severe 

punishment. Can Bundy’s mass-fabrication 

experience help you with tubing problems? 


BUNDYWELD. TUBING 


WORLD'S LARGEST PRODUCER OF SMALL-DIAMETER TUBING © AFFILIATED PLANTS IN AUSTRALIA, BRAZIL, ENGLAND, FRANCE, GERMANY, AND ITALY 


BUNDY TUBING COMPANY «+ DETROIT 14, MICH. « WINCHESTER, KY. * HOMETOWN, PA. 





highburstingstrength. 
Sizes up to %” O.D. 
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THE NEW 


Let your ideas for tomorrow take shape in a host of hard- 
working materials « When you’re getting ready to break 
with tradition, take a look first at the new phenolics. 

Then lift the hood. You'll find a lot of places where you 
can put today’s phenolics to work. 

They’re huskier; impact strength is up—as high as 15 ft.- 
lb. per inch. They resist heat as high as 500°F. Electrical 
properties, always good, are still better now—and improving 
all the time. 

Idea: Did you know you can get Durez phenolics designed 
specifically for wet-on-one-side, dry-on-the-other situations? 
Think what that might mean in terms of noncorroding hose 
connectors. 

Idea: How about a low-cost distributor bowl case of medi- 
um-impact phenolic? A nonrusting enclosure for accessory 
motors? A phenolic air cleaner bowl that hushes rattle and 
vibratory hum? 

Idea: Or consider what you could do with a Durez glass- 
filled phenolic that outlasts metal in oil-pump gears and auto- 
matic transmission parts. 


Next time you have a tubing problem, better call Bundy first. Phone, write, 
or call Bundy Tubing Company, Detroit 14, Michigan. 


PHENOLICS 


Remember, too, that when you design with phenolics you 
almost always save money. They can save you the whole cost 
of machining and finishing a part. They’re low in price, stable 
in price, always available. 

These newer, harder-working materials come from Durez 
in hundreds of formulations—give you a variety and a versa- 
tility that let you dream a little. To put the touch of tomor- 
row in today’s design, come to Durez for plastics that take 
you where other plastics can’t go. 

For descriptive Bulletin D400 or for help on a specific 
application, write us. 


DUREZ PLASTICS DIVISION 


8105 Walck Road, North Tonawanda, New York 
cteetinarnnantaaiengstteaioae HOOKER 


CHEMICALS 
PLASTICS 


HOOKER CHEMICAL CORPORATION 
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BUNDY TUBING COMPANY «+ DETROIT 14, MICH. + WINCHESTER, KY. * HOMETOWN, PA. 





“SYSTEMATIC” SAFETY ... at the beach, the lifeguard follows a planned system 
in protecting lives. On the highway—or off the road—it's air brake systems by Bendix-Westinghouse that 
guard the lives and loads aboard transport vehicles. Because these air brakes are system -engineered, 
they provide surer safety .. . plus utmost economy and dependability. For these reasons, the nation’s 
fleet operators and vehicle manufacturers specify complete air brake systems from Bendix-Westinghouse. 


When it comes to new vehicles, these systems are your assurance of best all-around braking performance. 
MEST/“~. 


* sme 
SPECIFY COMPLETE AIR BRAKE SYSTEMS BY Beatin fffecstinghouse ne 
i) R 





2,200,000 Bendix-Westinghouse Compressors 
PROVED DEPENDABLE OVER HUNDREDS OF BILLIONS OF MILES 


On April 6, 1960, the 2,200,000th Bendix-Westinghouse 
compressor passed its final factory tests. As the “heart”’ 
of a complete Bendix-Westinghouse air brake system, 
it was ready to join its 2,199,999 predecessors in provid- 
ing consistently efficient, dependable stopping power. 
Bendix-Westinghouse compressors have been proved 


in use over hundreds of billions of miles on all kinds of 


commercial vehicles, in every type of service, under all 
conditions of weather. 
Today, the design and engineering experience gained 


AUTOMOTIVE AIR BRAKE COMPANY 


in this vast, practical proving ground benefits every user 
of Bendix-Westinghouse compressors. Three basic 
models meet the needs of all sizes of commercial 
vehicles: Tu-Flo 300—for lightweight trucks and school 
buses; Tu-Flo 400— most widely used by over-the-high- 
way haulers; Tu-Flo 500—for large city and interstate 
buses, off-the-road vehicles and heavy-duty trucks. 
Continue to specify Bendix-Westinghouse Tu-Flo 
compressors. You can always be confident of their per- 
formance-proved safety, economy and dependability! 


\x- WESTINGHOUS- 


" s SERDIR WESTINGHOUSE 
+ C i. 
\ - AWA 
\4e — gts 
® WAKER im TRANSPORT SY 


ET Taso 


General offices and Factory—Elyria, Ohio. Branches—Berkeley, Cal., and Oklahoma City, Okla 





PISTONS °* 


The symbol is the only thing that hasn't 
changed at Sealed Power in 49 years! 


Sealed Power has walked (and sometimes 
run) along the pathways of progress with 
the reciprocating engine industry for virtu- 
ally 50 years. 

Through one significant era of develop- 
ment after another our engineers, our metal- 
lurgists, and production specialists worked 
with engine designers. 

We measure our progress in terms of our 
contributions to the advancing efficiency of 


U. S. PAT. NO. 2,789,872 STAINLESS STEEL OIL RING 


the internal combustion engine . . . to re- 
finements in piston ring design . . . to the 
high performance standards so rapidly at- 
tained in sealing and transmission rings. 

Your future is our future. We look to it 
in this way. 

Our research programs, the talents of our 
engineers, the forward steps in manufactur- 
ing—all these are presently, and will con- 
tinue to be, dedicated to our common cause. 


Scaled Power 


Preferred Performance 


PISTON RINGS ¢ SLEEVES -* 
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SLEEVE ASSEMBLIES - 


SEALED POWER CORPORATION, MUSKEGON, MICHIGAN © ST. JOHNS, MICHIGAN * ROCHESTER, INDIANA * STRATFORD, ONTARIO + DETROIT OFFICE + 7-236 GENERAL MOTORS BUILDING * PHONE TRINITY 1-3440 


SEALING RINGS FOR ALL APPLICATIONS 
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NEW .4- Heavy-Duty 


/0 closely -egpaced gear 9plite plug deep reduction ratios 


INTERMEDIATE 


oS RANGE 


i 


ienaaanoel 


SHIFT PATTERN Oo 

BOTH MODELS C © 
LOW HIGH 
RANGE RANGE 


FULLER 


Unit Drop Forge Div., Milwaukee 1, Wis. * Shuler Axle Co., Lovisville, Ky. (Subsidiary) * Sales & Service, All Products, West. Dist. Branch, Ookiond 6, Cal. ond Southwest Dist. Office, Tulsa 3, Okla. 
Automotive Products Company, Ltd., Automotive House, Great Portland Street, London W.1, Englond, European Representative 
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Fuller now offers two new 15-speed 
transmissions engineered for on and 
off-highway diesel truck operations 
demanding high capacity, long wear 
life and ease of operation . . . for 
logging, mining, construction, oil- 


field work, aggregates and ready-mix. 
Advantages of the new transmis- 
sions include: 


1. Extremely short installation 
dimension, which permits shorter 
wheelbase for tractors which formerly 
incorporated main and auxiliary 
transmissions. 


2. Maximum operational flexibil- 
ity with not only 10 closely-spaced 
gear splits, but also 5 speeds avail- 


————— TRANSMISSION DIVISION 


MANUFACTURING COMPANY 
KALAMAZOO, MICHIGAN 
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TO-SPEED TRANSMISSIONS 


designed tor combination on and off-highway applications 


able fer low range operation theough Model 15-G-1120: Standard Gear Ratios 


a deep reduction in the auxiliary. 


3. A wide choice of optional gear SPLITS—OVER-HIGHWAY LOW RANGE—OFF-HIGHWAY 


ratios to match every job requirement. 7 ; ; 
Split Ratio Speed Ratio % Step 


4. Weight reduction obtained by ODrive-High ons te 198 
ive- e - w ° 


eliminating support brackets, joints, 
cross members and a propeller shafc. O’Drive-int. -844 


For full details on the Fuller 15-G- Direct-High 4th-Low 
1120 and 15-H-1120 Transmissions, Direct-Int. 
ask your dealer or write Fuller Manu- 


; 3rd-High d- 
facturing Company. re-rig 3rd-Low 


3rd-int. 

2nd-High 

2nd-int. 

Ist-High Ist-Low 13.67 


Ist-Int. 


Cy mee ies lle cls Tae Cay 


SPLITS—OVER-HIGHWAY LOW RANGE—OFF-HIGHWAY 
Split Ratio % Step Speed Ratio % Step 


O’Drive-High .636 5th-Low 1.68 
33 

O’Drive-int. .844 57 
19 

Direct-High 1.00 
33 

Direct-Int. 1.327 
32 

3rd-High 1.76 
33 

3rd-int. 
41 

2nd-High 
33 

2nd-Int. 
51 

Ist-High Ist-Low 17.27 
33 

Ist-Int. 


Overdrive: .85, optional at extra cost 
Overdrive: .74 
Reverse: 5.06 


Subsidiary of EATON 
Manufacturing Company 
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~~ TRAC-AIDE 


DIFFERENTIAL 
by EATON 


Introduces Long-Awaited 
Design Features 


TRAC-AIDE 


DIFFERENTIAL 
DIVERTS TORQUE 
FROM THE SLIPPING 


TO THE 


GRIPPING WHEEL 


The TRAC-AIDE Differential by Eaton is a conventional differential, 
plus a simple non-locking, multi-disc friction clutch which auto- 
matically engages to retard motion of the slipping wheel, and provides 
smooth, chatter-free transmission of torque to the wheel with the 
greater traction. 

The secret of the Eaton TRAC-AIDE Differential is the coefficient 
of friction designed into the clutch discs. This provides a stable, dura- 
ble bias ratio that assures chatter-free operation without the use of 
special lubricants. With fewer parts and one-piece case, this economical 
unit is easily adapted to varied axle designs for cars and small trucks. 


The Eaton Differential makes a distinct contribution to more 
dependable vehicle operation. We will be glad to discuss the unique 
design feaures of this new Eaton Differential with your engineers. 


EATO 


9771 FRENCH ROAD 


ONLY EATON TRAC-AIDE 
OFFERS ALL OF THESE 
ADVANTAGES 


No Cams 


One-piece Case 
. 


Few Parts 
* 


Easy Maintenance 


No Lock-up Peaks 


Exclusive Long-Life Disc Design 
. 


No Special Lubricant Required 


@) 


———————- PUMP DIVISION 
MANUFACTURING COMPANY 


DETROIT 13, MICHIGAN 
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SHAE AUTOMOTIVE 
DRAFTING 
MANUAL 


7m -66 


——__—_— 3°% Edéttiou 


Society of Automotive Engineers, Inc., 485 Lexington Avenue, New York 17. N. Y. 


Please send me the new, third edition of the SAE Automotive Drafting Manual. 
It is priced at $8.00 to both members and non-members. 
NOTE: Please add 3% city sales tax for deliveries in New York City. 


CHECK OR COUPONS ENC. NAME_ 
BILL COMPANY COMPANY__— 
_BILL ME COMPANY ADDRESS 


_FREE CHECKLIST OF SPECIAL __FREE CHECKLIST OF CRC REPORTS 
PUBLICATIONS AND MEETINGS PAPERS 
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@ each coupon book buys $10.00 worth of 
SAE meetings papers and Special Pub- 
lications; it costs $9.00. Each coupon 
is worth 50¢. 


@ each book is good for a minimum of two 
years, 


@ coupons will be accepted at National 
Meetings or with mail orders for SAE 


meetings papers and Special Publica- 
tions. 


@ coupon books save you time and trouble. 


(It is requested that cash or check accompany your order for coupon books) 
Add 3% city sales tax for deliveries in N. Y. C. 
SPECIAL PUBLICATIONS DEPT. 
Society of Automotive Engineers 
485 Lexington Avenue 
New York 17, N. Y. 


Please send me .... SAE coupon books at $9.00 each. (Check) (Cash) for 


Name 


. is enclosed. 


Company Name 


Company Address 
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WITH TIMKEN-DETROIT 


UL eM ALK 


In the five years since Rockwell-Standard 

introduced Timken-Detroit Lightweight Tandems, thousands 

of users have rolled up millions of extra ton miles of payload. Check 
the superior features illustrated at right. They are some of the 
reasons why these axles are first choice with over-highway operators: 


Plus these additional Timken-Detroit advantages: 


@ High degree of parts 
interchangeability 


@ In-line drive reduces wear on 


working parts 
© Large selection of gear ratios © Torsion-Flow axle shafts 


© Wide range of capacities — 8 models from 22,000 to 44,000 pounds 


Driver Controlied Inter-axle Differential. 
Allows differential action between the 
axles to compensate for worn or mis- 
matched tires... both axles do equal 
amounts of work. Can be dis-engaged 
at any speed giving positive thru-drive 
when better traction is needed. 


Stronger Gear Sets. Hypoid gearing pro- 
vides up to 30% more strength than 
spiral bevel gears of the same size. 
Modern hypoid design allows larger 
and stronger pinions with greater tooth 
contact area ... assuring top efficiency 
and long life. 


New Suspension Pushes Tandem 
Weight Savings Over 1000 Lbs. Rockwell- 
Standard’s “taper-leaf” springs coupled 
with the latest in balanced suspension 
system designs is up to 475 Ibs. lighter 
than comparable units. When combined 
with the payload advantages of the 
Lightweight Tandem you can save more 
than 1000 pounds per trip. This means 
thousands of ton-miles in extra payload 
per year. 


Aprbther From Of... ROCKWELL-STANDARD 


CORPORATION 


Transmission and Axle Division, Detroit 32, Michigan 
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(EW SPICER 1550 SERIES 
UNIVERSAL JOINTS ... 


A bigger, more rugged universal joint, stertert Assembly | 
for trucks with 29,000-30,000 GVW 


Spicer is now manufacturing a completely new series of universal 
joint . . . the 1550 series. With 20% greater bearing factor and a 
minimum elastic limit 20% greater than previous 1500 series 


joints, the 1550 series is a bigger performance value . . . at lower cost. High Angle—Inter Axle Assembly 
End Yokes are Standard 


The new 1550 series universal joints give you 
these important performance advantages: 


@ Reverse Spline Center Bearing construction. 


@ J i c * € i 
Coouiie’ Rening Bness, for better bearing Multiple Shaft Assembly 
allg ’ g : With Center Bearing 


@ “‘U”’ bolt and snap ring design for reduced 


maintenance costs. Short Coupled 
. : : ; a View Assembly 
@ Synthetic double lip type seal, for tighter, e eae ie Chen on tad 


more positive sealing. a Yokes ore Optional 


@ Shorter length flange face to flange face on 
short coupled sets, to take full advantage of 
available space. The 1550 series is now available in all 
— 2 5 present variations of the 1500 series— 
@ Extremely close limits of static and dynamic including short coupled, high angle and 


balance for vibration-free operation. long slip propeller shafts. 
For more complete details on the new 


1550 series universal joints write to Dana 


Corporation, Toledo 1, Ohio. 
a ° agai SERVING TRANSPORTATION — Transmissions 
Nay Auxiliaries e Universal Joints e Clutches e Propeller 


Shafts e Power Take-Offs e Torque Converters 


CcCoRPORATION Powr-Lok Differentials e Gear Boxes e Forgings 


a Axles e Stampings e Frames e Railway Drives 
Toledo 1, Ohio 
Many of these products are manufactured in Canada by Hayes Steel Products Limited, Merritton, Ontario 
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Want One 


For Your 


Lapel? 


An SAE Emblem 


e Distinguishes you 
as an SAE member 


e Is an attractive 
gold-filled clutch- 
back pin 


e Costs only $1.50 
plus 
15¢ Federal tax for delivery 
in the United States and 5¢ 


sales tax for delivery in 
New York City 


ACTUAL SIZE 


GOLD on BLUE 
GOLD on RED 
GOLD on WHITE 


Member Grade 
Associate Grade 


Junior Grade 


Society of Automotive Engineers 
485 Lexington Ave., New York 17, N. Y. 


Please send me an SAE emblem. Enclosed is my 
check for $ ($1.50 plus applicable taxes). 
Grade of membership (please check) 


(1) Member (—D Associate (CD Junior 


Name 
(PLEASE PRINT) 


Address 


SAE JOURNAL, MAY, 1960 


i} 40 ee 


BENDIX ELECTRIC FUEL PUMP 


CONSTRUCTION EQUIPMENT - TRACTORS - BUSES 
SHOP TRUCKS - CARS - TRUCKS - EARTH MOVERS 
aaa ae ee Le ee eS 
AGRICULTURAL EQUIPMENT -: GENERATOR SETS 


Bendix* Electric Fuel Pumps deliver outstanding, 
dependable performance—proved in temperatures 
from —76° to +114°. Easily installed and serviced. 
suilt-in pressure release. Delivers more gallons 
per hour. Positively prevents vapor lock. Write 
for descriptive folder and specifications. 


*REG. U.S. PAT. OFF. 


Bendix-Elmira 


Eclipse Machine Division 
Elmira, New York 


16 NEW and 10 REVISED 


Aeronautical Standards, Recommended 
Practices and Information Reports 


were Issued 


March 1, 1960 
30 NEW and 41 REVISED 
Aeronautical Material Specifications 


were Issued 


Jan. 15, 1960 


For further information please write 


SOCIETY OF AUTOMOTIVE ENGINEERS, INC. 
485 LEXINGTON AVE., NEW YORK 17, N. Y. 


CHOOSE THE PRODUCT 
WHOSE BUILDER THINKS ENOUGH 
OF HIS OWN GOOD NAME TO 
SU a ee Ca ay 


CONTINENTAL RED SEAL POWER 


[ontinental Motors [orporation 
MUSKEGON e§ MICHIGAN 





Throughout the entire field 


DOLE THERMOSTAT ENGINEERING 
ASSURES POSITIVE TEMPERATURE CONTROL 


Dole Automotive 
Thermostat 
Dole Marine 
Thermostat 


Every manufacturer knows that engine performance will 
be improved if it operates at the most desirable temperature 
during every season of the year. That’s why designers have 
been specifying Dole Thermostats for accurate, dependable 
temperature control ever since liquid-cooled engines were 
proved to operate at optimum efficiency when equipped 
with thermostatic heat control devices. 

For every internal combustion engine, from the smallest 
marine inboard or outboard_to the most complex passenger 
car or truck engine, regardless of design, there’s likely a Dole 
Thermostat now keeping it running at peak effectiveness. 
But, what’s more important, if a Dole Thermostat is not 
presently available to meet your specs—Dole will design and 
build one for you. 

Dole has been doing just that for years—engineering ther- 
mostats as component parts for every type of engine across 
the field. Possibly we could help improve your product— 
we'd like to try. Write to: Automotive O.E.M. Products 
Sales Dept. 636, New Center Bldg., Detroit 2, Mich. 
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Contro/ with 


Automotive OEM Products Sales Department 
The Dole Valve Company 
6201 Oakton St., Morton Grove, Ill. (Chicago Suburn? 
© D.V. Co. 1960 
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Payload of a Haulpak is greater than weight of the truck itself. From engine to final 


drive, nickel alloys help Haulpaks pay off on roughest hauling jobs. 


Here’s where 8 nickel alloy steels 
deliver critical off-road stamina 


In the transmission and drive—mur- 
derously stressed by off-road shock 
loads — five nickel alloy steels, each 
doing a specific job to provide vital 
strength, toughness and wear-resistance. 
Examples: in some models, quenched- 
and-tempered AISI 8642 steel for drive 
shafts. In other models, carburized-and- 
hardened nickel alloy steels for shafts 
and gears: 4820 Ni-Mo, 3310 Ni-Cr, 
and 8620 Ni-Cr-Mo. For final-drive 
components, 4320 Ni-Cr-Mo and 4820 
Ni-Mo; both provide core strengths in 
the 150,000-200,000 psi range, and high 
case hardness for wear-resistance. 


In the engine, strategic use of nickel 
alloys helps raise power outputs, eco- 


nomically. Extra-rugged timing gears in 
the Cummins Diesels are made of AISI 
4340 nickel alloy steel for long-range 
wear-resistance. Ductile Ni-Resist* 
Irons — with outstanding resistance to 
high-temperature oxidation — are used 
for turbocharger housings, exhaust mani- 
folds, and inserts for fuel-saving light- 
weight pistons. 


In the body, nickel alloy steels slash 
deadweight, cushion shocks depend- 
ably. The Haulpak’s sloping, one-piece 
floorplate is T-1 Steel**, containing 
Nickel and other elements. Three times 
stronger than standard steel, “T-1” may 
be used in thinner, lighter section. 
Result? Weight-savings that make the 


loaded Haulpak 60% payload. With or 
without load, the Haulpak rides level 
and smooth on four-point air-hydraulic 
suspensions, built around wear-resisting 
pistons forged from 8630-H_ nickel 
alloy steel. 


In your equipment, nickel alloy steels 
can provide the same toughness, strength 
and wear-resistance that are built into 
the Haulpak. For complete engineering 
data on nickel alloy steels, simply 
write Inco. 


"Registered trademark, International Nickel Cc 


**Registered trademark, U.S. Steel Corp 


The INTERNATIONAL NICKEL COMPANY, Inc. 


67 Wall Street Anca, New York 5, N. Y. 


INCO NICKEL. 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 





Salvation Army Retired Officers’ 
Residence at Asbury Park, N, J. re- 
lies on Onan 85,000-watt Model 
85KR-4R-1A standby unit for emer- 
gency electric generating power. 
Onan, in turn, relies on International 
UV-549 engine for never-fail per- 
formance of the generating plant. 
SA Brigadier G. E. Ciscombe is 
shown with unit. 


D.W. ONAN, a leading producer of air- 
cooled engines, chooses INTERNATIONAL 


WHEN SPECS CALL FOR WATER-COOLED POWER 


Report from Vice President- 
Engineering, J. C. Hoiby, D. 
W. Onan & Sons Inc., Minne- 
apolis, Minn. 


V.P. Hoiby says, “Onan equipment 
is built for 100% dependability. 
That’s why we have chosen 
International gasoline engines to 
power our 60 kw and 85 kw stand- 
by generating plants. With such a 
dependable power source Onan 
customers need never worry about 
power outages. International also 
gives us the advantages of an ex- 
cellent parts and service organiza- 
tion’ 


Here’s another major manufacturer who knows the built-in bene- 
fits of International power. D. W. Onan & Sons Inc., producers of 
a famous line of air-cooled engines and heavy-duty generating 
equipment, rely on an International gasoline engine for this 
85,000-watt standby electric plant. In case of commercial power 
interruption, this unit cuts in automatically and supplies power 
for the entire Salvation Army building. In addition to furnishing 
standby power for all lights in the building, the plant also serves 
laundry equipment, elevators, oil burner, water pump, and elec- 
trical cooking. 

If you haven't joined the long list of International power users, 
you may be passing up an extra selling advantage for your prod- 
uct. So learn all about the IH line—35 engines from 16.8 to 385 
max. hp—with choice of fuels, and interchangeability in size and 
power, to match your requirements. For detailed information con- 
tact International Harvester Co., Engine Sales Dept., Construction 
Equipment Div., Melrose Park, III. 


m INTERNATIONAL’ 


International Harvester Co., 
180 North Michigan Ave., 


Chicago 1, Illinois 


A COMPLETE 
POWER PACKAGE 





SOUTHWEST 


ere 


SELF-ALIGNING BEARINGS 


PLAIN TYPES ROD END 


TYPES 


CHARACTERISTICS 
ANALYSIS RECOMMENDED USE 


i high 
St | teel Ball dR For types operating under hig 
ainless Steel Ball and Race temperature (800-1200 degrees F.). 
§ For types operating under high radial 
i ultimate loads (3000-893,000 Ibs 
For types operating under normal loads 
with minimum friction requirements 


Chrome Alloy Steel Ball 
and Race 


Bronze Race and Chrome 
Steel Ball 


Thousands in use. Backed by years of service life. Wide variety of 
Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in similar 
size range with externally or internally threaded shanks. Our Engi- 
neers welcome an opportunity of studying individual requirements 
and prescribing a type or types which will serve under your demand- 
ing conditions. Southwest can design special types to fit individual 
specifications. As a result of thorough study of different operating 
conditions, various steel alloys have been used to meet specific 
needs. Write for Engineering Manual No. 551.Address Dept. SAE60 


SOUTHWEST PRODUCTS CO. 


LR ee ee eI 
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MECHANICAL 
DESIGN ENGINEERS 


Earthmoving experience, with successful record 
in design and development of heavy mechanical 
equipment, crawler tractors, bulidozers, winches 
and tractor attachments. 
Work includes layout and design of heavy ma- 
chinery for construction and mining 
Permanent positions open, for those qualified, 
with one of the nation’s fastest growing heavy 
machinery manufacturers. 
Locat alt Lake City 
tain West, where y 

f t e to work 
minute 

Send Complete Information ond 


photograph to Dept. SXB 


THE EIMCO CORPORATION 


P O Box 300, Salt Loke City 10. Utah 
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alli | TOTAL HOURS 
il: 
a as 
YOU 
RECOMMEND ... 


GET "FOLLOW-THROUGH" with 
Hobls HOUR METERS 


Top performance and long service depend on timely 
follow-through"’ of the maintenance you recommend 
OPERATING TIME is the only accurate basis for 
planned maintenance — oil change, lubrication, 
filter replacement, overhaul, inspection, etc. Only 
TIME gives a reliable indication of total engine op- 
eration in all speed ranges 
HOBBS HOUR METER provides the accuracy needed 
for ‘‘follow-through"’ of recommended maintenance 
helps confirm in use the built-in qualities of your 
product. A true electric timing instrument, it shows 
operating time in hours and minutes — NOT a revo- 
lution counter 
HOBBS HOUR METER also sets up a realistic basis 
for buying and selling used equipment, renting and 
leasing, service contracts. Models available for both 


DIRECT CURRENT and ALTERNATING CURRENT. 


» COMPLETE LINE OF PRESSURE SWITCHES 


Industry approved for a wide range of ap- 
plications — single circuit and dual cir- 
cuit; single terminal and double terminal 
pressure ranges of 3-6, 7-14 and 15-60 psi 
Pretested at 150 psi. 
Also manufacturers of shock-mounted head, 
tail and dash lights for off-the-highway 
equipment 
Distributors in Principal Cities 
WRITE FOR CATALOG 600 





+ INDEX TO ADVERTISERS + 


A 


AC Spark Plug Div. 

General Motors Corp. 
AirResearch Industrial Div. 
AiResearch Mfg. Corp. 
Allegheny Ludlum Steel Corp. 
American Brakeblok Div. 

American Brake Shoe Co. 


B 


Bearings Company of America 
Bendix Aviation Corp. 
Eclipse Machine — Fuel Pump 
Eclipse Machine — Stromberg 
Carburetor 
Products (General Sales) 162, 
Bendix Westinghouse Automotive 
Air Brake Co. 193, 
Bethlehem Steel Co. 
Borg & Beck Div. 
Borg-Warner Corp. 
The Budd Company 
Bundy Tubing Co. 
Burton Auto Spring Co. 


C 
Century Gas Equipment 
Marvel-Schebler Products Div. 
Borg-Warner Corp. 
Chicago Rawhide Mfg. Co. 121, 
Continental Motors Corp. 


D 


Dana Corp. 
Delco Moraine Div. 
General Motors Corp. 
Delco Radio Div. 
General Motors Corp. 
Delco Remy Div 
General Motors Corp. 170, 171 
Dole Valve Co 204 
Dow Chemical Co. 16, 134, 135, 172, 173 
Dow Corning Corp 185 
E. I. du Pont de Nemours & Co., (Inc.) 
Alathon 168, 169 
Elastomers Div 187 


Eastman Mfg. Co. 
Eaton Mfg. Co. 
Pump Div. 
Saginaw Div 
Eimco Corp. 
Enjay Co., Inc. 


F 
Federal-Mogul Div., Federal- 
Mogul-Bower Bearings, Inc. 
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Firestone Steel Products Co. 
Fuller Mfg. Co. 
Subsidiary Eaton Mfg. Co. 


G 


Garlock Packing Co. 

Garrison Mfg. Co., Inc. 

General Motors Corp. 

B. F. Goodrich Aviation Products 

Goodyear Tire & Rubber Co. 
Metal Products 

Great Lakes Steel Corp. 


Harrison Radiator Div. 
General Motors Corp. 
Hartford Machine Screw Co. 
Div. Standard Screw Co. 
John W. Hobbs Corp. 
Holcroft & Company 
Hooker Chemical Corp. 
Houdaille Industries, Inc. 
Hyatt Bearings Div 
General Motors Corp. 


International Harvester Co. 
International Nickel Co. 
International Packings Corp 


J 


Johnson Products, Inc 


Kohler Co 
Koppers Co., Inc 


Lipe Rollway Corp 


M 


McLouth Steel Corp 

Marlin-Rockwell Corp 

Mechanics Universal Joint Div. 
Borg-Warner Corp. 


Metal & Thermit Corp. 158, 159 


Midland-Ross Corp 


N 
National Seal Div., Federal- 
Mogul-Bower Bearings, Inc. 
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New BORG & BECK 2-Plate “Strap-Drive” Clutches 
PACK MORE MUSCLE...WITHOUT ADDED SIZE 


Trucks pay out on the road, not in the shop. So it’s asking for trouble when a 
truck engine is too big for its clutch. 
To help keep ‘em rolling, Borg & Beck has developed a new line of 2-plate clutches 
with up to 40% greater load capacity . . . yet without any increase in nominal size. 
Rated at 500 ft.-lbs. torque capacity, this new Borg & Beck Type 13E2 has 
12%” 0.D. x 74%” |.D. facings . . . non-cushion rigid or flexible center drive plate 
... space for 16 heat treated coil springs of total load to suit type of service... 
“strap drive’ for positive, trouble-free plate separation. 
And like all Borg & Beck clutches, Type 13E2 is built to Borg & Beck’s pace-setting 
standards for quality, performance and value. Consult our engineers for details. 


BORG & BECK 


THE AUTOMOTIVE STANDARD FOR MORE THAN 40 YEARS 
BORG & BECK DIVISION, BORG-WARNER CORPORATION, CHICAGO 38, ILLINOIS 
Export Sales: Borg-Warner International, 36 S. Wabash, Chicago 3 
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*4 Piston choice of 
Diesel Engine 
Builders KEEPS ENGINES 


POWERFUL LONGER-AT LOWER COST 
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Stops Ring Groove Wear 


Everywhere, engine builders and transport 

operators enthuse over the performance of Zollner 
Bond-O-Loc Pistons — “The greatest mileage piston we 
have ever used. Top ring groove wear problems 

are eliminated by the ‘Ni-Resist’ Iron section 
permanently incorporated with the double bond of 
both Al-Fin metallurgic and the exclusive Zollner 
mechanical lock.” For longer piston life, better 
performance and lower maintenance cost, we suggest 
your immediate test of Bond-O-Loc advantages. 


CROSS SECTION VIEW FRONT SECTION VIEW INSIDE SECTION VIEW 


. Reverse angle designed top ring section with tapered flutes, 
ADVANTAGES OF dovetail locks in all directions. 


leewdiien once 2. Positive mechanical interlock prevents any movement. 
TOP SECTION VIEW 3. Reduces weight 25% to 30% with lower inertia stresses. 


. Increases surface areas carrying inertia load. 


‘ \ 
ZOLLNER CORPORATION « FORT WAYNE, INDIANA 


FOUNDRY 
DIVISION 


ie: | HEAVY DUTY 


MACHINING ~~ A 
~ — 
— 


PRECISION PRODUCTION FROM ENGINEERING TO FOUNDRY TO FINISHED PISTONS 
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If you're thinking about 
METALLIC 


SEALING 


these WAUSAU facts may help you 


1. You can get just about any kind from WAUSAU, service. All production is by new machinery and 
in a wide range of types and sizes, made to your processes quality controlled at every stage. 


aha 4. The new WAUSAU factory is considered one of 
2. WAUSAU engineers know sealing en poe today’s most modern and advanced. 
in almost every type of application, including auto s : : ; 

matic transmissions, power steering and hydraulics. 5. You can call upon WAUSAU'S experience and 


WAUSAU is one of the oldest pioneers in the Seal- its accumulation of technical data to help you solve 
ing Ring field. your sealing ring development problems. Your in- 


3. WAUSAU has a fine reputation for quality and quiry will receive prompt, personal attention. 


WAUSAU 


MOTOR PARTS COMPANY 
Manufacturers 
2600 Eau Claire St. « Schofieid, Wis. 


AMERICA’S MOST MODERN PISTON RING PLANT © PISTON RINGS © SEALING RINGS © VALVE SEAT INSERTS © PRECISION PRODUCTS 





Remember when 


HIS NINTH INNING 
SINGLE GAVE DETROIT 
THE WORLD SERIES 


Three games to two in the 1935 World 
Series. One out and a man on in the last 
of the ninth with the score tied at Navin 
Field. Goose Goslin singles and the runner 
scores. The Tigers beat the Cubs and are 


World’s Champions for the first time. 


What gives pros that dependability 


that comes out in the clutch and from 
day to dav ? It’s the old « py book virtues: 
constant practice, singleness of purpose 


ind fighting till the last man ts out. 


The same qualities make the pro in 


business. When it « 


mes to bearings, no 


one has had more experience than the 
craftsmen and scientists of the Timken 
Company. All their time is devoted to 
improving just one kind of bearing—the 
tapered roller bearing. Their single pur- 


pose is to pack more and more capacity 


and performance into a bearing that costs 
less. To that end, they built the most mod- 
ern bearing plant in the world. And the 
all-out effort continues—with results that 
you can measure in the dollars and cents 


you save in warranty and assembly costs. 


If you’re accustomed to dealing with 
pros who know their field better than 
anyone, make sure vour bearings are 
stamped with the trade-mark ““Timken’”’. 
[The Timken Roller Bearing Company, 
Canton 6, Ohio. Cable: 
Makers of Tapered Roller Bearings, Fine 


Alloy Steel, Removable Rock Bits. 


**TIMROSCO”’. 


tapered roller bearings 


from the pros of the bearing business 








